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CLINICAL AND EXPERIMENTAL 


AGGLUTINATION OF SENSITIZED RED CELLS BY LARGE 
ANISOMETRIC MOLECULES 


JaMES H. Janpi, M.D.,* anp Wiuuiam B. Caste, M.D.** 
Boston, Mass. 


Wer the discovery that many sera with hemolytic activity in vivo contain 
antibodies capable of sensitizing but not of agglutinating saline sus- 
pensions of red cells in vitro, interest was aroused in laboratory methods for 
enhancing or developing the agglutination of sensitized red cells. The value 
of serum and of plasma’? as agglutination-enhancing diluents in red cell- 
antibody systems was quickly appreciated. This effect of plasma proteins was 
presumed to be either through ‘‘completion’’ of the protein moiety of ‘‘in- 
complete’’ antibodies or through the ageney of a nonspecific aggregating factor, 
often termed ‘‘conglutinin.’’* > That sensitized red cells, in the presence 
of serum or plasma, agglutinated more readily when spread upon a warm 
glass surface than when in bulk suspension was recognized by Diamond and 
Abelson®; and their ‘‘slide test,’’ or modifications thereof on similar surfaces, 
has often provided an effective means of revealing red cell sensitization in 
acquired hemolytic anemia. 

Diamond and his associate’ also noticed that human or bovine serum 
albumin in concentrations exceeding 13 to 14 per cent was useful in enhancing 
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agglutination of Type D red cells by anti-D serum, without the annoyance of 
‘ rouleaux, and suggested a 20 to 30 per cent albumin solution as a useful serum- 
like vehicle for the clinical detection of incomplete antibodies. In subsequent 
usage, however, 20 to 30 per cent concentrations of albumin often have failed 
to agglutinate sensitized red cells from patients with aequired hemolytic anemia, 
as well as red cells sensitized by certain known antibodies, such as anti-Duffy’ 
and anti-S.* More recently it has also been observed that red cells ‘‘sensitized’’ 
by phenylhydrazine® or by metallo-protein complexes” are similarly not aggluti- 
nated by albumin solutions. Variability of effectiveness and troublesome 
prozones are frequently encountered in the employment of albumin solutions 
for antibody titrations.‘" '2 Certain studies, indeed, have suggested that the 
developing or agglutination-enhancing ability of albumin is actually a result 
of a contaminating globulin. 


Materials other than albumin have also been found suitable as aggluti- 
nation-augmenting vehicles for antisera. Thus, Fisk and MecGee'* described 
the effectiveness of a special gelatin solution in enhancing the effect of anti-D 
serum. Grubb,’ in 1949, reported the ability of dextran to replace serum as a 
substrate for incomplete anti-D antibodies and suggested its use in blood typing, 
although rouleaux presumably must have interfered with some of the readings. 
The similar use of polyvinylpyrrolidone has also been advocated.**'® Amos 
and Gorer and their associates,”° investigating the antimouse red cell effects of 
serum from mice implanted with tumor tissue, observed the poor enhancement 
of red cell agglutination by albumin, and instead they employed suitably 
absorbed human serum as a vehicle for their agglutination titrations. They 
then discovered that the sera of patients with elevated sedimentation rates 
provided greater enhancement of the mouse antisera and that most effective of 
all were sera from patients with multiple myeloma. Believing this to be 
a result of a mucopolysaccharide component, Gorer and Mikulska?! examined 
human ovarian cyst pseudomucin and, again, dextran and found them very 
efficacious vehicles for antisera dilution. 

Meanwhile, experience with the antiglobulin test described by Coombs and 
Mourant” had indicated the great sensitivity of this technique, which has 
become the most reliable method for the detection of red cell sensitization. 
The disadvantages of this test are the difficulty of preparation of the anti- 
globulin serum and the necessity for careful washing of the cells to be tested, 
with consequent risk of eluting weakly adherent antibody. That a need for 
an additional means of demonstrating red cell sensitization exists is suggested 
by the frequent occurrence of acute hemolytic processes in which no red eell 
sensitization is demonstrable by presently employed techniques and by the 
observation that red cell incompatibility may be demonstrable by red cell 
survival studies in man”’ and in dogs** without in vitro evidence of sensitization 
by the use of antiglobulin serum. 

The studies reported here stem from the observation that D-positive Cr’’- 
labeled red cells previously sensitized by incomplete anti-D serum, although 
not agglutinated by the recipient’s plasma, were rapidly removed from the 
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circulation by the spleen, as determined by a body surface counting technique." 
This indicated that the body must possess a rapid means of detecting sensitized 
red cells unagglutinated by homologous _—— It was also repeatedly noticed, 
as previously by Diamond and others,” ** that unagglutinated anti-D sensi- 
tized red cells, when resuspended in in or serum, always agglutinated 
when a drop of this suspension was placed without a coverslip on a warm glass 
slide. Agglutination was also often observed when the suspensions were placed 
in small volume in glass test tubes and incubated in the classical manner. 
No agglutination appeared, however, when the suspensions were incubated in 
test tubes in larger volumes. Studies then were directed toward determining 
whether these various in vitro phenomena are of physiologic significance. 


METHODS 


Sensitization of normal D-positive red cells was achieved by the incubation of one 
volume of packed red cells from defibrinated blood with one volume of anti-D serum possessing 
no complete antibody.* The red cell and antiserum mixtures were incubated for one hour 
at 37° C., and the cells then were used after light centrifugation in the packed state, both 
with and without saline washing. These sensitized cells after washing were agglutinable 
hy Coombs (antiglobulin) serum and by 25 per cent human albumin, without a prozone, but 
were not agglutinated when resuspended in ten volumes of autologous serum. ‘‘Sensitization’’ 
of normal red cells with autologous serum proteins by means of CrCl, also was carried out!? 
and will be described in detail in a later report. As employed in these studies the method 
consisted of the addition of equal volumes of 10 mM CrCl, in saline to whole defibrinated 
blood, followed by incubation at 25° C. for one-half hour. The red cells so treated were 
unagglutinable by serum or by 25 per cent serum albumin but were strongly agglutinated 
by Coombs serum. 


The Coombs (antiglobulin) test22 was performed on saline-washed cells with a potent 
antihuman serum rabbit serum prepared as described by Emerson.25 The viscosities relative 
to water of whole blood and of the various developing agents tested were measured at 37° C. 
in an Ostwald viscosimeter with a 1 mm. internal diameter. Red cell mechanical fragility 
was also measured.26 

Concentration of human serum and of heparinized and oxalated plasma was produced 
by pervaporation in an air current at room temperature in dialysis bags. Specimens so 
treated were then used as developing agents with and without preliminary dialysis against 
physiologic saline. Human serum albumin was derived from Squibb’s ‘‘Normal Serum 
Albumin Human, Concentrated, Salt-Poor’’ and bovine albumin from Armour’s ‘‘ Crystallized 
Bovine Plasma Albumin.’’ So-called ‘‘ Alpha-globulin’’ was Cohn Fraction IV-1, containing 
about 90 per cent alpha globulin, and ‘‘Beta-globulin’’ consisted of Fraction IV-7, con- 
taining about 79 per cent beta globulin. Saline solutions of both fractions used were 
somewhat turbid. Gamma globulin was derived from Fraction II-1,2 and was over 99 per 
tent pure by electrophoresis. Bovine fibrinogen was derived from Armour’s Fraction I 
from bovine plasma. The multiple myeloma serum employed contained 12.2 Gm. per cent 
total protein, which included 3.7 Gm. per cent of albumin and 8.5 Gm. per cent of globulin, 
9 Gm. per cent of which was M-globulin and was intermediate in position by paper 
electrophoresis at pH 8.6 between beta and gamma globulin. 

Among the nonplasma components tested as developing agents were carboxymethyl- 
cellulose,t polyvinylpyrrolidone (PVD),} and dextran$; these were dissolved in phosphate 


*Most of the anti-D sera employed was kindly supplied by Dr. A. R. Jones, of the Blood 
Grouping Laboratory, Brookline, Mass. 


*Kindly furnished by General Biochemicals, Inc., Laboratory Park, Chagrin Falls, Ohio. 

tPVP preparations of various molecular weights were generously supplied by the Schenley 
Laboratories, Ine., New York, N. Y. 

§Kindly supplied by Commercial Solvents Corporation, Terre Haute, Ind. This preparation 
had a molecular weight of 75,000 + 15,000. 
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buffer at pH 7.4, since in saline solution their acidity per se was sufficient to aggregate 
sensitized red cells somewhat more readily than normal red cells, thus confusing interpretation, 

In the observance of the developing activity of the agents tested, 0.1 ml. of packed 
sensitized red cells was added to 1.0 ml. amounts of the developing agent. The degree of 
agglutination was read macroscopically after about fifteen minutes’ standing. Since agglu- 
timation of red cells persists despite saline dilution, whereas with sufficient dilution rouleaux 
of normal red cells do not, the final reading was made microscopically after tenfold dilution 
of the cell suspensions with saline followed by gentle inversion of the test tube two or three 
times, 

RESULTS 

Plasma Proteins——Normal red cells sensitized by the anti-D serum em- 
ployed here were not agglutinated by normal serum, However, when the 
protein concentration of the normal serum was increased by pervaporation to 
about 8.5 Gm. per cent, corresponding to a 20 per cent increase, agglutination 
began and grew correspondingly more intense with further dehydration of 
the serum (Fig. 1). Rouleaux of normal red cells were also induced by such 
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Fig. 1.—The intensity with which several plasma proteins and PVP (K-30) ‘‘permanently”’ 
aggregate red cells previously sensitized with an incomplete anti-D serum is plotted against the 
concentration of the substance tested. In this chart ‘‘PR’’ represents ‘‘permanent rouleaux’’ 
without clumping of the cells, a state of aggregation not observed in the case of albumin. 


concentrations of serum proteins but were completely dispelled by saline 
redilution. In the case of sensitized red cells, however, not only did cell 
agglutinates persist after saline dilution, but red cells also remained in rouleaux, 
often appearing under the microscope as long streptococens-like chains, which 
withstood repeated washing, mild shaking, and mechanical pressure on the 
overlying coverslip sufficient to elongate markedly the constituent red cells. 
Chains of red cells in ‘‘permanent rouleaux’’ are seen in Fig. 2. Red cells 
‘‘sensitized’’ by a chromium-protein complex reacted with concentrated serum 
as did cells treated with anti-D serum, although with less intensity. 
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Concentrated heparinized or oxalated plasma agglutinated sensitized red 
cells more strongly at equal total protein concentrations than did concentrated 
serum; and even when slightly diluted with saline, normal plasma, although it 
did not clump red cells, was generally capable of producing occasional short 
chains of permanent rouleaux among sensitized red cells. This difference 
between serum and plasma suggested that fibrinogen might be especially 
active. Indeed, each of the individual plasma proteins was found to have 
some capacity to cause agglutination of anti-D sensitized red cells. Much the 
most potent of these was fibrinogen, which agglutinated sensitized red cells 
at fibrinogen concentrations of 0.5 per cent in saline and induced permanent 
rouleaux at concentrations of 0.3 to 0.4 per cent. Gamma globulin produced 
agglutination beginning at concentrations of 4 to 5 per cent, and Fractions 
IV-1 and IV-7 required slightly higher concentrations. The serum of a patient 
with multiple myeloma which contained 8.5 Gm. per cent of globulin was 
tested with the patient’s own D-positive red cells after sensitization with block- 
ing anti-D serum. The sensitized red cells were heavily agglutinated by this 
patient’s unconcentrated serum, and marked permanent rouleaux were formed. 





_ . Fig. 2.—The red cells from a patient with acquired hemolytic anemia after suspension for 
5 minutes in 1 per cent bovine fibrinogen and resuspension in 10 volumes of physiologic saline. 


Such sterptococcus-like chains of red cells, undissociable by saline dilution and referred to as 
‘permanent rouleaux’’ in the text, are indicative of red cell sensitization. 


Agents Not Derived From Plasma.—Among the other agents examined and 
found to have strong agglutinating activity for sensitized cells were carboxy- 
methyleellulose, gum arabic (6 beta-glucuronosylgalactose), gelatin and gastric 
mucin. The most active agent tested was carboxymethyleellulose, which aggluti- 
nated sensitized red cells ‘at concentrations of 0.1 per cent or more. PVP and 
dextran were also quite effective. With the use of the finding of permanent 
roweaux as the end-point, concentrations in saline as low as 0.5 per cent of 
the PVP and 0.75 per cent of the dextran emploved were sufficient to reveal 
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red cell sensitization. The agglutinating action of these polymers was pro- 
portional to their ‘‘K’’ value.* PVP of molecular weight 20,000 was inactive 
in causing rouleaux or agglutination of sensitized red cells even at a PVP 
concentration of 25 per cent. PVP with a molecular weight of 50,000 was 
moderately active at concentrations of 1 per cent or more, and PVP fractions 
of molecular weight 150,000 or greater, were active at concentrations as low as 
0.5 per cent. 

PVP and dextran, as well as fibrinogen, produced rouleaux of anti-D 
sensitized normal red cells or of the red cells of patients with acquired hemolytic 
anemia and positive Coombs reactions, at the same or slightly lower concen- 
tration as with unsensitized normal red cells. However, the rouleaux of sensi- 
tized cells were generally more intense and furthermore were not dispelled by 
saline dilution. That the concentration, and not the quantity, of developing 
agent was crucial to the induction of rouleaux or agglutination was demon- 
strated by the allowing of prolonged contact between sensitized red cells and 
0.5 per cent PVP (K-44) in a range of volumes varying from 1 to 1,000. In 
all tubes of this series the degree of red cell aggregation after prolonged 
standing was a weak 1 plus, whereas slight increases in PVP concentration 
increased aggregation proportionately. However, a minimum quantity of either 
PVP or dextran was needed for aggregation to occur at any concentration: 
about 50 mg. per milliliter of packed red cells. The developing potency of 
PVP was not diminished by repeated mixing with fresh batches of sensitized 
red cells and then removal of them by centrifugation. 

As stated above, rouleaux of normal red cells dissociate when the develop- 
ing agent is suitably diluted. Thus, with fibrinogen, PVP, and dextran, 
rouleaux of unsensitized cells disintegrated below the critical concentration 
range of 0.4 to 0.5 per cent. Rouleaux of sensitized red cells, however, failed 
to dissociate on redilution below the eritical concentration as depicted in Fig. 
3, D. Solutions of PVP of molecular weight exceeding 500,000 are highly 
viscous and may physically rupture and deform normal red cells on prolonged 
standing, or stirring of the viscous liquid may produce irregular cell aggre- 
gates and elongated cells similar to those observed in glue.27_ PVP preparations 
with a ‘‘K’’ value of about 44 and a molecular weight of about 160,000 were 
found to be the most satisfactory for regular use. 


Clinical Utility—The method recommended for the diagnostic use of 
rouleaux-producing agents is to add 0.1 ml. of whole blood or of packed red 
cells to 0.5 ml. of a 5 per cent buffered solution of PVP with a molecular 
weight of 160,000. The suspension is mixed and permitted to stand at room 
temperature until settling is evident; 15 ml. of physiologic saline is then added, 
the tube is inverted two or three times, and the presence of agglutination or 
of persistent rouleaux is read microscopically. Heavy sensitization is also 
visible macroscopically. The presence of short chains containing two to 
four red cells is scored as one-plus, longer chains and occasional small 


*A numerical value signifying the volumetric intrinsic viscosity of the substance, which in 
turn is related to the molecular axial ratio and to the molecular weight. 
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clumps as two-plus, many aggregated rouleaux and numerous clumps as’ 
three-plus, and coarse macroscopic clumps as four-plus. The PVP-treated 
sensitized red cells depicted in Fig. 3, D were read as two-plus by these 
eriteria. Inspection of a control suspension of normal red cells manipulated 
in the same way is desirable for comparison. It is advisable to determine the 





C. D. 


Fig. 3.—The rouleaux formed in 5 per cent PVP (K-44) by normal control red cells (A) 
and by anti-D sensitized red cells (C) were similar in appearance. However, subsequent ten- 
fold dilution with physiologic saline evenly dispersed the control red cells (B), whereas the 
sensitized cells remained aggregated in chains and in clumps (D). 


intensity of agglutination within a few minutes of the saline dilution, because 
some sensitized red cell clumps do slowly dissociate after dilution of the aggluti- 
nation-enhaneing agent. In most instances, however, agglutination was found 
to persist indefinitely. The tendency in certain instances for sensitized cells 
which had been agglutinated by a developing agent to dissociate in the course 
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of several hours on resuspension in large volumes of saline was a characteristic 
of the serum employed in the sensitization. This slow dissociation was not due 
to elution of antibody, because subsequent centrifugation of the red cells 
and retesting with a developing agent indicated persistence of the sensitized 
state. 

The value of PVP and dextran as agents for eliciting agglutination of 
sensitized red cells was examined by several criteria: 

1. Comparison with Coombs serum: Type D red cells were incubated for 
one hour with several dilutions of three incomplete anti-D sera of different 
potencies, before washing and parallel testing with Coombs serum, 5 per 
cent PVP, and 5 per cent dextran, Coombs serum caused agglutination of red 
cells treated with the individual anti-D sera diluted to 1:256, 1:512, and 1:1,024, 
respectively, whereas both PVP and dextran indicated the presence of sensi- 
tization by these same sera diluted to 1:2,048, 1:16,384, and 1:64,000, 
respectively. 

2. Comparison with 25 per cent human albumin: Type D red cells were 
separately incubated with two anti-D sera which induced prozones when 25 
per cent albumin was employed as a developing agent. These sensitized cells 
were strongly agglutinated and manifested permanent rouleaux in the presence 
of 5 per cent PVP. Red cells sensitized with anti-Duffy serum and agglutinable 
by Coombs serum but not by 25 per cent albumin were strongly agglutinated 
by PVP. Red cells coated with serum proteins through the ageney of chromic 
chloride were not agglutinated by 25 per cent albumin, but were strongly 
agglutinated by PVP, as well as by concentrated serum, concentrated plasma, 
and 0.5 per cent bovine fibrinogen. 

3. Specificity: To explore the question as to whether PVP and dextran 
specifically indicate the existence of red cell sensitization or nonspecifically 
enhance the agglutination of variously injured red cells, the red cells from 
patients with paroxysmal nocturnal hemoglobinuria, sickle-cell anemia, and 
congenital hemolytic anemia were examined. These cells were not agglutinated 
by Coombs serum and were found not to be aggregated by PVP after saline 
dilution. In addition, normal red cells were tested with PVP after incubation 
with various dilutions of sera from two patients convalescing from primary 
atypical pneumonia containing cold panagglutinins. Unlike the sera of patients 
with cold hemolysins,”* these sera did not induce a positive Coombs test either 
when tested in the cold or upon subsequent warming. In the cold, PVP did 
not enhance the intensity or titer of agglutination by these cold panagglutinins, 
nor were previously cold panagglutinated red cells permanently aggregated 
by warm PVP after saline dilution. The titers of ‘‘natural’’ isoagglutinins of 
the ABO groups were increased little (fourfold or less) or not at all when 5 
per cent PVP was used as a diluent and as a ecell-suspension medium; iso- 
hemolysin titers were not affected. Neither antisheep red cell hemolysin activity 
nor the complementary action of fresh guinea pig serum on hemolysin-sensitized 
sheep red cells were affected by the employment of 5 per cent PVP as a 
diluent. 
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The intensity with which sensitized red cells were agglutinated, respectively, 
hy normal serum, 25 per cent human albumin, an optimal dilution of Coombs 
serum, and 5 per cent PVP are compared in Table I. Red cells sensitized by 
anti-D serum and by a metallo-protein complex, as well as cells from ten cases 
of aequired hemolytic anemia, are included. The first patient had recovered 
from a hemolytie process and his peripheral blood was within normal limits 
except for intense agglutination of the red cells by Coombs serum. The second 
patient had a moderately severe acute hemolytic anemia associated with acute 
disseminated lupus erythematosus; and the third, fourth, and fifth patients 
suffered from severe acute hemolytic anemias of uncertain origin, the third 
possibly arising from a drug sensitivity. The sixth patient continued to have 
a moderately severe acquired hemolytic anemia despite splenectomy previous 
to these observations, whereas the seventh patient had improved following 
splenectomy and demonstrated only mild hemolysis at the time of study. The 
blood from three infants with erythroblastosis fetalis was also examined; the 
first infant (Case 8) required three exchange transfusions, the second (Case 9) 
required two, and the third (Case 10) was given one exchange transfusion. 
The PVP solution produced agglutination of the red cells of each patient. 


Physical Behavior of Sensitized Red Cells——As noted above, rouleaux con- 
sisting of sensitized red cells are distinguished by their persistence despite 
saline washing or dilution and moderate mechanical stress. A 40 per cent 
suspension of anti-D sensitized red cells in native plasma fortified with ad- 
ditional fibrinogen (bovine), although demonstrating permanent rouleaux, 
possessed the same viscosity in the Ostwald viscosimeter as a control suspension 
of unsensitized red cells. The mechanical fragility of these permanent rouleaux 
of sensitized red cells was not inereased. Surprisingly, the sedimentation rate 
of the sensitized red cells in plasma, fibrinogen solutions, or PVP was found 
to be markedly slower than that of control preparations of normal red cells. 
This paradoxical inhibition of sedimentation was evident in plasma, fibrinogen, 
gamma globulin, and PVP in proportion to the intensity of red cell sensitization, 
the concentration of the developing agent, and the concentration of red eells. 
Thus, multiple myeloma serum diluted with saline to possess a globulin econ- 
centration of 4 per cent caused mild agglutination of the same patient’s red 
cells after they had been sensitized with anti-D serum; and the intensity of 
agglutination increased proportionately when higher concentrations of the 
elobulin-containing serum were employed. However, at globulin concentrations 
exceeding 6 per cent, an inhibition of the sedimentation of the sensitized cells 
was manifest which did not appear with unsensitized red cells. In a series 
of tubes containing sensitized red cells suspended in progressive dilutions of 
the globulin the resultant serial pattern of red cell settling resembled a prozone 
effect. The effect of 800 mg. per cent of bovine fibrinogen, dissolved in heparin- 
ized serum, on the sedimentation rate of suspensions of normal and of anti-D 
sensitized red cells with various packed cell volumes is presented in Fig. 4. 
Whereas the gross intensity of aggregation was generally greater for sus- 
pensions of strongly sensitized red cells in either plasma, fibrinogen, or PVP, 
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678 JANDL AND CASTLE 
the sedimentation rate was consistently slower than that of normal cells. Drops 
of suspensions of unagglutinated sensitized red cells spread less well on wet or 
on dry filter paper than did drops of control cells. This was best demonstrated 
on dry No. 42 Whatman filter paper. Separation of the suspending fluid from 
red cells, evidenced by greater peripheral spreading on filter paper, was evident 
with sensitized cells suspended in saline or in plasma and was marked in 5 
per cent PVP; whereas separation of normal red cells from the suspending 
fluid by spreading was evident only with the PVP suspensions, and then to a 
comparatively small degree. Similar differences were observed when this paper 
was used as a filter in order to effect partial separation of red cells from sus- 
pending medium. 
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Fig. 4.—Sedimentation rates in Wintrobe tubes of sensitized and control red cells sus- 
pended at various hematocrits in heparinized serum to which 800 mg. per cent of bovine 
fibrinogen had been added. A striking inhibition of the sedimentation rate of the sensitized 
red cells, compared to that of the control red cells, was apparent here when the hematocrit 
exceeded about 15 per cent. This paradoxical retardation of red cell sedimentation was also 
induced by plasma, by bovine fibrinogen in saline, and by PVP, in proportion to the concentra- 
tion of the rouleaux-producing agent. 





DISCUSSION 


Concentrations of whole plasma proteins, of fibrinogen, and of serum 
globulins, only slightly exceeding their respective physiologic levels, irreversibly 
agelutinate sensitized red cells in vitro, whereas in normal serum these cells 
remain dispersed. Unaltered normal plasma and lower concentrations of 
fibrinogen or of gamma globulin do not agglutinate sensitized red cells but do 
cause short rouleaux to form which fail to disperse on the subsequent addition 
of saline sufficient to disperse the similarly-produced rouleaux of normal red 


eells. Such ‘‘permanent rouleaux’’ do not arise among unsensitized red cells, 
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regardless of the concentration of rouleaux-producing protein. The appearance 
of such red cells is seen in Figs, 2 and 3, in which streptococcus-like chains of 
eells are visible. Mechanical tension on these rouleaux during cell drifting 
or by loeal pressure upon the overlying coverslip often produces remarkable 
elongation of the individual red cells without separating them at their points 
of contact, thus indicating the strength of their adherence. Such procedures 
cause rouleaux of normal red cells in multiple myeloma blood to disperse 
immediately, as noted by Foord.”® Similar chains of red cells in the peripheral 
blood of dogs injected with rabbit antidog red ceil serum were observed but 
not reported in earlier studies®® and were also noted to be resistant to dispersion 
by mechanical pressure. Bessis*! has described and photographed the appear- 
ance of long chains of red cells in the peripheral blood of rats given rabbit 
antirat red cell serum and in the blood of infants with hemolytic disease of 
the newborn, with the individual cells often distorted to appear as connected 
fusiform erythroeytes (‘‘fuseau érythrocytaires’’) as described above. Their 
presence in saline suspensions of whole blood must accordingly be regarded as 
evidence of red cell sensitization. 


TABLE I. THE INTENSITY OF AGGLUTINATION OF VARIOUSLY SENSITIZED RED CELLS IN SEVERAL 
MEDIA 
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| 5 
NORMAL | HUMAN COOMBS | Pvp 
SOURCE OF SENSITIZED RED CELLS SERUM | ALBUMIN | SERUM | _ (K-44) 
In vitro sensitization 
Anti-D serum 0 2+ 3+ 4+ 
Metallo-protein complex* 0 0 44 3+ 
Acquired hemolytic anemia 
Case 1 Idiopathic (recovered) 0 0 44 2+ 
Case 2 Acute disseminated lupus 1+ 1+ 2+ 44 
erythematosus (active) 
Case 3 (?) drug sensitization (active) 0 0 0 2+ 
Case 4 Idiopathic (active) 0) 2+ 0-1+ 4+ 
Case 5 Idiopathic (active) 0) 3+ 3+ 4+ 
Case 6 Idiopathic (active ) () 1+ 1+ 44 
Case 7 Idiopathic (convalescent ) 0 3+ 2+ 4+ 
Case 8 Erythroblastosis fetalis + 2+ O+ t+ 
(severe) 
Case 9 Erythroblastosis fetalis = 3+ 4+ 4+ 
(moderately severe) 
Case 10 Erythroblastosis fetalis = 2+ 2+ 3-4+ 
(mild ) 





*The nonimmunologic coupling of proteins to red cells by certain metals such as chromium 
is referred to in the text as ‘‘sensitization”; this term is intended only to mean sensitization 
to the agglutinating action of Coombs (antiglobulin) serum. 


Since slightly elevated concentrations of plasma fibrinogen or globulin 
agelutinate sensitized red cells in vitro, a systemic increase in protein levels 
during infection or dehydration may accelerate the removal of red cells in 
acquired hemolytic anemia by producing frank autoagglutination. This mech- 
anism was recently observed by us in a patient with intense rouleaux formation 
on the basis of elevated plasma gamma globulin levels, and a positive Coombs 
test (Case 2, Table I): autoagglutination, as well as permanent rouleaux, was 
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readily visible in the saline-diluted blood of this patient. A local increase in 
plasma protein concentration as in the spleen would have therein a similar 
effect upon sensitized cells not agglutinated in the general circulation. 

The possibility must exist that a union of sensitized red cells as small 
chains of permanent rouleaux through the action of normal plasma may also 
predispose to their sequestration in capillary beds, although not perhaps as 
dramatically as when intense rouleaux formation and agglutination have 
occurred. As in observations®® on red cells agglutinated by antiserum and 
then selectively retained in liver capillaries during perfusion experiments, no 
inerease of the viscosity of the blood in the Ostwald viscosimeter or in its 
mechanical fragility here followed the induction of permanent rouleaux of 
sensitized red cells by plasma or by fibrinogen solution. This, however, does 
not deny the observed filtering action for sensitized cells of capillary beds of 
different dimensions in vivo. If the normal spleen ean discriminate between 
single discoidal and spheroidal red cells, no difficulty is presented in under- 
standing its ability to filter out small clumps or chains of red cells. That short 
rouleaux of sensitized red cells produced by normal plasma ean be selectively 
filtered out in vitro was demonstrated with an appropriate filter paper, whereas 
rouleaux of normal cells easily passed through the filter paper. The flexibility 
in vivo of rouleaux of normal red cells in gelatin solutions appears to prevent 
them from obstructing the eapillaries.*? On the other hand, the greater cohesion 
of sensitized cells when so aggregated as observed here may account for their 
tendency to filter out in vivo and in vitro. 

The ‘‘developing activity,’’ or the ability of plasma proteins and of the 
various agents tested to agglutinate sensitized red cells, correlates well with 
their efficacy in producing rouleaux of normal red cells. Permanent aggregation 
of sensitized red cells occurs at approximately the same concentrations of 
fibrinogen and of PVP that cause rouleaux of normal cells to appear; and 
rouleaux of sensitized red cells are first evident at similar or only slightly lower 
concentrations of these agents. Whereas other characteristics of the suspending 
medium such as a reduction in pH** or an increase in viscosity may cause 
sensitized red cells to agglutinate, the common feature of the potent developing 
agents studied here was their capacity to induce rouleaux. 

The mechanism by which agents which produce rouleaux permanently 
aggregate sensitized red cells was not definitely revealed in these studies. It 
is not through mere mechanical apposition of the red cells, sinee the cells 
studied were not agglutinated by simple centrifugation in saline. It may he 
that a specific ‘‘stacking’’ of red cells as rouleaux permits a more effective 
apposition of reactive chemical groups on the cell surfaces than does random 
packing in the centrifuge. Indeed, it is known that the mean thickness of 
plasma-suspended normal red cells in rouleaux is less than that of solitary 
cells,** suggesting forees during such apposition that even give rise to slight 
compression. <A series of brief experiments were conducted in order to elucidate 
the basis of cohesion between red cells sensitized with ant?-D serum and there- 
after aggregated by 5 per cent PVP. The possibility that a bond is thus con- 
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structed between the antibody attached to one red cell and the D-antigen 
site of a near-by cell is unlikely, since complete blocking of these antigen sites 
against subsequent exposure to ageglutinating anti-D) serum was found to have 
heen produced by the original anti-D sensitizing serum. <A nonspecific attrac- 
tion between the antibody attached to one red cell and the surface of another 
cell was ruled out by the mixing of equal numbers of heavily sensitized D- 
positive red cells and D-negative cells prior to the addition of PVP. Only 
50 per cent of the mixed red eells, presumably those that were D-positive, 
were agglutinated. Thus cohesion appears to depend upon the presence of 
incomplete antibody on the surface of each involved red cell, as does the Coombs 
test. 


TABLE II. A COMPARISON OF SEVERAL PHYSICAL PROPERTIES OF SIX PURIFIED SUBSTANCES 
Wuicnu AGGLUTINATE SENSITIZED RED CELLS 





| | | ~MINIMU M 
| | CONCENTRATION 
| RELATIVE AGGLUTINATING 














| 
| VISCOSITY OF | ANTI-D 
| ESTIMATED | ESTIMATED | MINIMUM | SENSITIZED RED 
| MOLECULAR AXIAL = | EFFECTIVE | CELLS 
SUBSTANCE | WEIGHT* RATIO’ — | CONCENTRATION | (PER CENT) 
Serum albumin (human) 69,000 4.3 1.67 14.0. 
Gamma globulin (human) 156,000 5.2 1,25 4.5 
Fibrinogen 400,000 18.0 1.05 0.5 
Dextran 75,000 Saat Lae 0.8 
PVP 
K-22 20,000 13.8 — — 
K-30 51,000 >23.0 1.15 0.8 
K-44 160,000 ae LAT 0.6 
Carboxymethyleellulose 250,000 100-600 1.42 0.1 





*The estimated molecular weight values and axial ratios given for human serum albumin, 
gamma globulin, and fibrinogen are those suggested by Cohn.** The molecular weight values 
of dextran and of PVP were supplied by their manufacturers; the axial ratios of PVP were 
computed by Miller and Hamm.*® The molecular measurements for carboxymethylcellulose are 
highly approximate and are based upon information from the manufacturer and from several 
textbooks of carbohydrate chemistry. 

*PVP (K-22) is ineffective as a developing agent even at a concentration of 25 per cent, 
at which level its relative viscosity is 10.8. 


In Table II it can be seen that there is a correlation between molecular 
axial ratios and to some extent between molecular weight and the capacity of 
a substance to agglutinate sensitized red cells, although the inactivity of PVP 
with a molecular weight of 20,000 suggests that a minimum molecular weight 
may be necessary. A correlation between molecular anisodiametry and rouleaux- 
forming activity was evident with fibrinogen and certain gums**-*? and with 
numerous other substances which produce rouleaux or which increase red cell 
sedimentation, namely, gelatin,®*? polyvinyl aleohol,** methyl  cellulose,*® 
hyaluronic acid and desoxyribonueleie acid,*® glycogen and pectin,*' and poly- 
acrylie acid and polyvinyl aleohol.4? Recent observations further relating 
molecular linearity to rouleaux formation have been made by Sulzer,*® ** who 
noted that serum albumin and egg albumin, which were virtually inactive as 
rouleaux-producing agents, became active following heat denaturation or 
surface denaturation of these proteins. Since heat is believed to uneoil the 
polypeptide chains of prolate molecules like albumin to produce long filamentous 
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molecules,* Sulzer argued that both heat and surface denaturation may result 
in alignment of such polypeptide chains along the red cell surface, with orien- 
tation of the lateral hydrophilic chains toward the aqueous phase. In contrast, 
partial denaturation of protein by ultraviolet radiation, which is believed to 
fragment protein molecules, was found to diminish their rouleaux-producing 
effect. Moreover, the generally hydrophilic nature of the agents producing red 
eell ageregation** ** suggests that the effect of surface-oriented elongated 
molecules may be through alteration of the state of hydration and thus also 
the chemical reactivity of the red cell surface. It is pertinent in this regard 
to note that Jones*® has acetylated dextran, thus ‘‘blocking’’ the hydroxy! 
groups and thereby has markedly impaired its ability to enhance the aggluti- 
nating potency of anti-D serum. It is further possible that a surface phe- 
nomenon of the sort observed by Sulzer may explain why anti-D sera inactive 
in bulk quantities often induce red cell clumping on glass slides (and the 
surfaces of glass tubes), even with precaution against evaporation. Conse- 
quently surface denaturation of proteins as well as their simple concentration 
by evaporation may contribute to the greater sensitivity of the ‘‘slide test’”® 
in detecting incomplete antibodies. 

The employment of a rouleaux-producing agent like PVP in the recognition 
of acquired hemolytic anemia is justified by the following observations: (1) 
Red cell abnormalities other than sensitization did not lead to agglutination 
by PVP. (2) Sensitization not evident by techniques employing albumin or 
trypsinized red cells was revealed by PVP. (3) The sensitivity of the ‘‘PVP 
test’’ exceeded that of the Coombs test. (4) Sensitization was determined with 
a minimum of red cell handling. The importance of observing this precaution 
in determining the presence of sensitization was revealed during studies of the 
peripheral blood of Patient 4 during her convalescence from a severe acquired 
hemolytic anemia. At this time Coombs serum did not agglutinate the patient’s 
red cells after they had been thrice-washed in the standard fashion, but strong 
agglutination was induced by PVP. The effect of serial washes with 20 volumes 
of saline on the agglutinability of her red cells by Coombs serum and by PVP 
is recorded in Table III. Both the removal of antibody by saline washing 
and the greater sensitivity of the ‘‘PVP test’’ are illustrated. 

Comparative studies of PVP and various Coombs sera showed the former 
to be generally more sensitive to red cell coating with incomplete antibodies and 
less sensitive to ‘‘sensitization’’ by metallo-protein complexes (Table I), In 
each of three cases of erythroblastosis fetalis intense agglutination was induced 
by PVP; Coombs serum produced moderate to strong agglutination of these 
red cells. In three eases of acute hemolytic anemia, PVP demonstrated sus- 
pected red cell sensitization when the Coombs test was either negative or only 
weakly positive. No instances have been observed in which the reverse was 
true. It is probable, however, that the two methods are separately useful and 
reveal somewhat different phenomena, though in common detecting the presence 
of protein attached to the red cell surface. The comparatively marked un- 
dissociable agglutination by PVP of moderately Coombs-positive red eells 
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coated with anti-D serum correlates with their rapid destruction in vivo.*° 
This contrasts with the weaker and slowly dissociable agglutination by PVP 
ot red cells from a patient, Case 1, who had recently recovered from an acute 
hemolytie anemia, whose red cells were solidly clumped by Coombs serum and 
yet whose measured red cell survival in vivo was normal. The implications of 
these observations suggest the use of both methods in studies of patients with 
suspected acquired hemolytic anemia. The ‘‘PVP test’’ described is ree- 
ommended as a sensitive and rapid method for detecting red cell sensitization. 


TABLE TIT. THE Errect OF REPETITIVE WASHING WITH SALINE ON THE AGGLUTINABILITY OF 
Rep CELLS FroM A PATIENT WITH ACQUIRED HEMOLYTIC ANEMIA (CASE 4) 

















NUMBER OF | INTENSITY OF RED CELL AGGLUTINATION 
SALINE WASHES | COOMBS SERUM | 5 PER CENT PvP (K-44) 
1 4+ 4+ 
2 2+ fe 
3 0 4 
4 0 4+ 
5 0 4+ 
10 0 3-44 
20 0 o+ 
SUMMARY 


Saline solutions of several macromolecular substances were observed to 
agelutinate red cells previously sensitized with incomplete antibody or with 
metallo-protein complexes. Their efficacy in this respect is related to their 
ability to produce rouleaux of normal cells; this in turn relates to the degree 
of molecular anisodiametry of the substances. 

Rouleaux of normal red ceils are dispelled by appropriate dilution with 
saline of the rouleaux-producing agents. Sensitized red cells, however, persist 
in the aggregated state after saline dilution, both as rouleaux (‘‘permanent 
rouleaux’’) and as agglutinates. Consequently, substances which induce 
rouleaux can be practically employed in the recognition and study of red cell 
sensitization in hemolytic anemias. PVP so used was found to be more sensitive 
as a developing agent than either 25 per cent albumin or Coombs serum, Red 
cell abnormalities were revealed by PVP in three cases of acquired hemolytic 
anemia in which the Coombs test was negative or only weakly positive. One 
instance was observed in which red cell sensitization in terms of agglutinability 
hy Coombs serum was completely effaced by three standard washings in saline, 
whereas even twenty washes failed to reverse the ‘‘PVP test.’’ The sensitivity 
and the simplicity of the PVP test recommend its use as a routine hematologic 
technique. 

Among plasma proteins, the order of decreasing effectiveness in the agglu- 
tination of sensitized red cells was fibrinogen, gamma globulin, other globulins, 
and albumin, Concentration by 10 to 20 per cent of whole plasma or of whole 
serum through pervaporation was sufficient to agglutinate sensitized red cells, 
as Were inereases in the concentration of fibrinogen or of globulin to levels only 
slightly above the physiologic. It is suggested that such proteins induce the 
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destruction of sensitized red cells in vivo through the formation, systemically 


and/or locally in certain organs, of red cell aggregates which become seques- 


tered in various capillary beds such as in the spleen. 


18. 
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A NOTE ON THE EFFECT OF HYDROCORTISONE ON THE 
MICROELECTROPHORETIC CHARACTERISTICS OF HUMAN 
RED CELL-ANTIBODY UNIONS 


W. P. Crecer, M.D.,* E. H. Tutiey, M.S., anp D. G. Hansen, A.B. 
San Francisco, CAuir. 


INTRODUCTION 


HILE ACTH or cortisone may produce marked clinical improvement in 

human immunohemolytic states,’> frequently there is no parallel alter- 
ation in evidence of red cell sensitization by antibody globulin.** <A study 
of this paradox is the subject of this report, which presents an in vitro obser- 
vation of the effect of hydrocortisone on the union of human erythrocytes 
with each of two types of antibodies for human red cells. 

The technique of the study is that of microelectrophoresis, following the 
method described by the authors previously.® In brief, the latter study showed 
that the normal electrical charge of the naked, human red cell could be sig- 
nificantly altered by treatment of the cell with human antierythrocytie anti- 
bodies. These measurements were obtained by timing the migration of indi- 
vidual red cells, viewed microscopically in a hollow slide, through a. field 
of constant milliamperage and known dimensions. 


METHOD 


No changes were made in the method previously described.9 As much hydrocortisone} 
as would dissolve in the one buffert used throughout this study gave levels of approximately 
4 meg. of the hormone per milliliter of buffer. Red cells were sensitized with anti-A o1 
anti-CD antiserum in the following manner: 2 ml. of the desired dilution of antiserum 
was added to 0.25 ml. of packed red cells of appropriate group. These cells had been washed 
three times in 10 volumes of the buffer. This mixture was incubated in the water bath at 
37° C. for 15 minutes, the red cells again were washed three times, in 10 volumes of buffer 
each time, and the required 0.1 per cent final suspension was prepared. When the cells 
that had been treated with antiserum were also to be treated with hydrocortisone, 1 ml. of 
the latter solution (4 meg. per milliliter of buffer) was placed over the red cells after the 

From the Research and Development Branch, Fitzsimons Army Hospital, Denver, Colo., 
and the Department of Medicine, Stanford University School of Medicine, San Francisco, Calif. 

Supported in part by grants from the Schering Corporation, the Stanford University 
Institutional Research Grant of the American Cancer Society, and the San Francisco Heart 
Association. 

Received for publication Nov. 1, 1955. 

*Present address: Department of Medicine, Stanford University School of Medicine, 
San Francisco, Calif. 


7Crystalline hydrocortisone (free alcohol), kindly provided by Drs. A. Gibson and F. Kk. 
Heath, Merck & Co., Inc., Rahway, N. J. 


{Buffer formula: NaHe2P0;H20 0.507 Gm. 
** NacoHPOv12H20 5.830 Gm. 

NaCl 8.780 Gm. 

**or NaeHPOs 2.310 Gm. 


Add these salts to 1 liter of 
CO:2-free water; final pH 7.35. 
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third washing following antibody sensitization, as described above. This mixture was 
incubated in the water bath at 37° C. for one hour, the hydrocortisone solution removed by 
centrifugation, and the final 0.1 per cent red cell suspension in buffer prepared. Cells to 
be treated with hydrocortisone alone were handled as above, 1 ml. of hydrocortisone in buffer 
solution being incubated with the cells for one hour in the 37° C. water bath, the hydro- 
cortisone solution removed by centrifugation, and the final suspension prepared. No washings 
followed the hydrocortisone treatment of the red cells in any ease. 


RESULTS 
The data presented in Table I show the previously described effect of 
anti-A antibodies on the migration values of human red cells.? The data also 


indicate that treatment of erythrocytes with hydrocortisone before or after 
the addition of anti-A antibodies to human red cells of Group A caused the 


TABLE I, THe Errecr or HypROCORTISONE ON THE ELECTROPHORETIC MIGRATION OF HUMAN 
Rep CELLS TREATED WITH ANTI-A ANTIBODIES 
‘CELLS OF GROUP A bu 
TREATED WITH: | (MIGRATION OF RED CELLS IN 10-4 CM.2/VOLT SEC. ) 
7 1.31 (Average of 80 cell runs; 
Range: plus 0.01, minus 0.02) 

















Hydrocortisone 129 (Average of 40 cell runs; 
Range: plus 0.03, minus 0.04) 

1:100 Anti-A antiserum 1.50 (Average of 40 cell runs; 
Range: plus 0.01, minus 0.01) 


1:100 Anti-A antiserum; 1.380 (Average of 40 cell runs; 
hydrocortisone Range: plus 0.07, minus 0.07) 





TaBLE II, THE Errecr or HYDROCORTISONE ON THE ELECTROPHORETIC MIGRATION OF HUMAN 
RED CELLS TREATED WiTH ANTI-CD ANTIBODIES 





| LL | DIRECT: 











CELLS POSSESSING C AND D ( MIGRATION OF RED CELLS IN 10-4 CM.2/VOLT | COOMBS 
ANTIGENS TREATED WITH: SEC. ) TEST 
1.51 (Average of 160 cell runs; Neg. 


Range: plus 0.03, minus 0.035) 


Anti-CD antiserum 1.42 (Average of 40 cell runs; Pos. 
Range: plus 0.01, minus 0.01) 


Hydrocortisone 1.50 (Average of 60 cell runs; Neg. 
Range: plus 0.02, minus 0.05) 


Anti-CD antiserum for 15 1.28 (Average of 40 cell runs; Pos. 
minutes; wash; hydrocorti- Range: plus 0.02, minus 0.02) 


sone for one hour 


Hydrocortisone for one hour; 1.26 (Average of 40 cell runs; Pos. 
wash; anti-CD antiserum Range: plus 0.01, minus 0.02) 


for 15 minutes 





red cells to migrate at nearly the same speed as the naked red cells that had 
not been treated with antibody. If the erythrocytes were treated with hydro- 
cortisone alone, there was little deviation from the migration of the untreated 
cell, the only change noted being a tendency for the cells to migrate a trifle 
more slowly. Similar data were obtained when the antibody was anti-CD in 
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specificity (Table I1). In the latter data it can also be seen that despite the 
rather striking alteration in migration of the red cell-antibody complex when 
treated with hydrocortisone, the direct Coombs test did not become negative 
nor did it alter qualitatively. 


DISCUSSION 


There are many a priori suggestions, tenable on logical grounds alone, 
which may be offered in explanation of the way in which cortisone alters the 
immunohemolytie process. For some of these possible modes of action sup- 
portive or suggestive data have already been obtained. Such a therapeutic 
agent may allow an increased rate of red cell manufacture by the marrow'’ 
or promote a decreased rate of destruction by depressing erythrophagocytosis 
or other final destructive mechanism. Or the agent may decrease ability to 
manufacture antibodies generally,!"'* decrease erythrocytic susceptibility to 
usually injurious influences,’*?° or the hormone may interfere with antigen- 
antibody union.%* 

We are here concerned principally with the last of these suggestions, 
which we have pursued experimentally in an admittedly narrow context. 
What our results seem to show is that the nature of the bonding between red 
cell and antibody is significantly altered in the presence of hydrocortisone, the 
latter being present in the in vitro system in amounts not much higher than 
is the ease with therapeutic levels in man.2° The simplest view of these findings 
might be that the hormone detaches the antibody from the red cell, since 
the migration figures of a cell so treated are roughly those of the naked cell 
not treated with antibody. But the observation that the direct Coombs test 
remained strongly positive is against this view. (It is unfortunate that 
quantitative values for the direct Coombs tests were not obtained, but quali- 
tatively there was no change.)* A more likely interpretation, in line with 
the charge change and the continuing positivity of the direct Coombs test, 
would be that the steroid alters the electrical nature of the bonding between 
the cell and the antibody, without actual detachment of the latter. 

It seems possible that those cases, not at all rare, in which the patient 
with immunohemolytic anemia improves clinically and by blood count while 
still retaining unaltered a positive, direct Coombs test may be explained on 
some such grounds as those suggested above: namely, that the direct Coombs 
test may detect adjacency of red cell and antibody but fail to reflect variations 
in electrical bonding between the two elements. Such variations in the nature 
of the bonding of red cell to antibody may well have different implications 
for the fate of the sensitized erythrocyte in so far as its final disposal by 
lysis, agglutination, erythrophagocytosis, or similar mechanisms of destruction 
is concerned. 





*We have several times attempted, though not in the course of the particular work 
presented here, to decrease by this kind of treatment with hydrocortisone the titer of a direct 
Coombs test performed on red cells heavily sensitized with anti-D antiserum. Aside from an 
occasional one- or two-tube drop, or some trifling alteration in size or avidity of agglutination, 
such attempts have failed to alter the titer significantly. 
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The finding that a steroid, known to be of clinical benefit in immuno- 
hemolytic anemia, is capable of reversing the alteration in electrical charge 
of a red cell wrought by antibody seems unlikely to be fortuitous. Of course, 
proof is lacking that the in vitro finding is the basis for the in vivo effect, 
hut the association is certainly as plausible as other possible explanations 
noted above. The question also arises: Is the effect of hydrocortisone on red 
cell-antibody unions, as here demonstrated, analogous to the effeet of hydro- 
cortisone in ¢linical situations in which tissues other than the red cells are 
involved? No direct information on this point was obtained in this study, 
but the technique employed seems capable of being modified to examine this 
possibility. 

SUMMARY 


1. Hydrocortisone, in concentrations little more than those effective elini- 
cally, was shown to be capable of reversing the electrical charge change wrought 
on the red cell by antibody action in vitro. Simultaneously, the direct Coombs 
test remained positive. 

2. It is suggested that there may be marked differences in the bonding 
hetween red cell and antibody within the framework of a positive, direct 
(‘oombs test of constant serologic level, and that these differences may have 
variable pathologic implications for the red cell. This interpretation is thought 
to be relevant to those cases of immunohemolytie anemia, which, though treated 
with steroids with ample clinical suecess, show no change in the titer of the 
direct Coombs test. 
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STUDIES ON VARIOUS FACTORS INFLUENCING LEUKOCYTE 
ALKALINE PHOSPHATASE ACTIVITY 
EK. WILTsHAW, M.D.,* AND W. C. Motoney, M.D.** 
Boston, Mass. 


N the present day efforts to solve the fundamental problems of cell growth 

and differentiation, increasing emphasis has been placed on the investigation 
of enzymic cytochemical activities. In humans, cellular phosphomonoesterases 
have been subject to intensive research, both histochemically and biochemically. 
Such studies have been greatly enhanced by practical techniques developed by 
Gomori! and by Takamatsu,” a cireumstance which, according to Moog,* ‘‘has 
heen one of the happiest events in recent biologic history.’’ Utilizing Gomori’s 
method, Wachstein* studied peripheral blood smears in normals and people 
with a great variety of diseases. He observed that the alkaline phosphatase 
content of neutrophilic polymorphonuclear leukocytes was not very high, but 
that in chronic myelogenous leukemia, morphologically similar cells were com- 
pletely devoid of this enzyme. In contrast, in the segmented neutrophils of 
patients with pyogenic infections and cases of myeloid metaplasia, the alkaline 
phosphatase activity was very greatly increased. 

Following these histochemical observations, Cram and Rossiter? applied 
biochemical methods to separated rabbit leukocytes and studied the effect of 
varying temperatures, substrates, and pH, as well as the influence of various 
activators and inhibitors, on alkaline phosphatase. More recently, Valentine 
and his co-workers® have carried out extensive studies on human leukocytes in 
health and disease and have made distinguished contributions to the knowledge 
of this ‘‘ubiquitous’’ enzyme. 

Our investigative efforts have been directed toward correlating the bio- 
chemical with the histochemical determinations of alkaline phosphatase in human 
leukocytes.’ Furthermore, in vitro studies have been undertaken on the influence 
of various factors on leukocyte suspensions in saline; these inelude variations in 
temperature and effect of a known enzyme activator and inhibitor, as well as 
chemotherapeutic agents. The results of these studies are reported in this paper. 


METHODS AND MATERIALS 


The biochemical determination for alkaline phosphatase in separated leukocytes was 
carried out by the method deseribed by Valentine and Beck.¢ However, cell separation was 
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accomplished by the use of Sequestrene Na? (EDTA)* and Dextrant as reported ina 
previous communication.? For routine determinations the cells were incubated in _ the 
substrate mixture for 1 hour at 37° C. unless otherwise specified. 
Leukocytes were obtained from normals and from individuals with a variety of diseases. 
For experimental purposes, cells with known low alkaline phosphatase activity were obtained 
from cases of chronic myelogenous leukemia; cases of myeloid metaplasia and pyogenic 
infections furnished cells with high activity. The saline-suspended leukocytes were incubated 
at 37° C. for varying lengths of time and the amounts and nature of the compounds used and 
the manner of testing are outlined under the various experimental results. 


EXPERIMENTAL RESULTS 

The Effect of Time of Incubation in Saline.—Leukoeytes were separated, 
washed, and suspended in normal saline and these cell suspensions were allowed 
to stand at 37° C. for periods from 15 minutes to 24 hours. Upon removal from 
the water bath, the tubes were centrifuged and the cells washed twice with 
saline; following this, biochemical determination for alkaline phosphatase was 
carried out in the usual way. It was found that alkaline phosphatase activity 
increased after the period of incubation in saline, usually the original figures 
were nearly doubled in 2 hours, then rose more slowly reaching an apparent 
equilibrium in 4 to 6 hours. In Table I this effeet is demonstrated in the 





TABLE I, THE Errect oF TIME OF INCUBATION IN SALINE ON THE LEVEL OF LEUKOCYTE 
ALKALINE PHOSPHATASE 








| MG. OF P LIBERATED BY 101° W.B.C. AFTER STANDING 

















| NO. OF 
XO. OF |OBSERVA- Q HOUR | 2 HOURS | 6 HOURS 
TYPE OF CASE CASES TIONS RANGE | MEAN | RANGE | MEAN | RANGE | MEAN 
Normal 20 30 20-50 28 28-64 45 43-77 62 
Chronie 3 17 5-23 10.8 8-31 19 12-40 26.6 
myelogenous 
leukemia* 
Myeloid 3 13 90-160 121 128-200 159 150-248 202 
metaplasia 





*Some patients were under therapy when these experiments were undertaken and gave 
higher levels than untreated cases. 
leukoeytes of normal individuals, patients with chronic myelogenous leukemia 
and with myeloid metaplasia. This phenomenon was also observed in many 
experiments involving other types of leukemia, pyogenic infections, and in 
various malignant diseases. Since the cells were suspended in unbuffered normal 
saline, a rise in the pH on standing might have been responsible for the inereased 
enzyme activity. However, investigation revealed that the changes in pH were 
not of a degree to influence leukocyte alkaline phosphatase activity. 

This pattern of enzyme behavior in saline cell suspensions standing at 37° 
(*. was utilized as a ‘curve of activity’? to measure experimentally the effeets 
of temperature, various chemicals, drugs, and other factors on leukocyte alkaline 
phosphatase. 

Effect of Varying Temperatures.—When saline cell suspensions were in- 
cubated at 4° C., 37° C. and 50° C., it was found that the low temperature 

*Sequestrene Na*—(decrystallized) (disodium salt of ethylenediaminetetracetic acid). 


7Dextran—high molecular weight Lot NA-649, kindly supplied by Commercial Solvents 
Corporation. 
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inhibited alkaline phosphatase activity, while activity was enhanced at 37° C. 
and even to a greater extent at 50° C. (for examples see Table II). The 
effect of temperature was similarly manifested when the barbital-buffered ineuba- 
tion mixture was kept at 4° C. or 50° C. instead of the usual 37° C. 


TABLE Il, THE Errect oF TEMPERATURE ON MG. oF P LIBERATED IN 1 Hr. BY 1010 LEUKOCYTES 
WHEN THE CELLS WERE ALLOWED TO STAND IN SALINE 








| TIME SUSPENSION ALLOWED TO STAND 








TYPE OF CASE TEAC. > GC. 0 HOUR | 2 HOURS | 6 HOURS 

Normal 4 30 20 22 
37 36 45 

50 40 52 

Infection 4 72 D4 G4 
37 S4 98 

00 97 31 

Chronie myelogenous 4 11 y 13 
leukemia 37 20 30 
50 31 50 








Effect of Known Enzyme Inhibitor—The inhibitory effect of sodium evanide 
on enzyme systems is well known. Cram and Rossiter? found that in separated 
rabbit leukocytes, low concentrations of eyanide (0.0001 M to 0.001 M) increased 
alkaline phosphatase activity. However, concentrations of 0.01 M were greatly 
inhibitory. In this study, when human leukoeytes with a high alkaline phospha- 
tase content were exposed to 0.01 M sodium cyanide for 5 minutes, there was a 
60 per cent reduction in the amount of activity. With leukocytes containing less 
alkaline phosphatase, even weaker solutions of sodium cyanide had an inhibitory 
effeet (examples in Table IIT). 


TABLE ILI. THE EFrect oF SopIuM CYANIDE ON ALKALINE PHOSPHATASE IN VITRO 














| MG. ALK. PHOS. PER 101° w.B.c. 








CASE NacN DIL?N TIME | CONTROL | NacN SOL’N 
Normal 10-4 M 0 hr: 50 
5 min. 42 
2 hr. 64 8 
6 hr. 69 14 
Normal 10-2 M 0 hr. 24 
5 min. 20 
l hr: 11 
2) hr: 32 i 
3 br: 40 4 
Myeloid metaplasia 10-1 M Ov hr. 90 
5 min. 30 
30°) min, 11 
Y hin: 121 





Effect of Known Activator.—The accelerating effect of Magnesium ions on 
enzyme reactions is well established and magnesium compounds are used as 
activators in the standard histochemical and biochemical methods for deter- 
mination of alkaline phosphatase. To study the effect of magnesium on saline 
suspended cells, solutions of 0.05 M MeCl, were added in 0.1 to 0.5 ml. amounts 
and the mixture allowed to ineubate from 2 to 6 hours at 37° ©. While in- 
creased enzyme activity occurred, the effect was not a striking one under the 
conditions of these experiments (Table IV). 
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TABLE IV. SuHows THE EFrrect OF MAGNESIUM CHLORIDE EXPOSURE, BEFORE LEUKOCYTES 
ARE PLACED IN THE INCUBATION MIXTURE, ON ALKALINE PHOSPHATASE ACTIVITY 








| MG. ALK. PHOS. PER 101° W.B.C. 
CASE | Mgcl, DIL’N TIME CONTROL | Mgcl, SOL’N 








Normal 0.1 ml. of 0.05 M 0 hr. 22 
5 min. 31 
30 min. 41 
1 hr. 30 50D 
3 hr. 45 66 
2S hr. 69 SO 
Chronie myelog- —-0.4 mi. of 0.05 M 0 hr. 10 
enous leukemia 30 min. 17 
1 hr. 23 
> hr. 16 32 
6 hr. 23 44 
Myeloid metaplasia 0.5 ml. of 0.05 M 0 hr. 125 
2 hr. 149 170 
6 hr. 174 213 





Effect of Chemotherapeutic Drugs.— 

Antifolic acid compounds: In vivo, these agents are potent antigrowth 
factors. However, in vitro, aminopterin (4-aminopteroyl glutamie acid) and 
amethopterin (4-amino N’® methylpteroyl glutamic acid) caused a marked in- 
crease of leukocyte alkaline phosphatase activity (as shown in Fig. 1). This 
activating effect was obtained with final concentrations of 0.025 mg. per 1 ml. 
of leukocyte suspension; however, amethopterin was more effective than aminop- 
terin. These results were repeatedly confirmed by numerous experiments using 
leukocytes from normal individuals, cases of chronic myelogenous leukemia and 
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Fig. 1.—The in vitro effect of aminopterin and amethopterin on the leukocyte alkaline phos- 
phatase of a case of myeloid metaplasia. 


patients with pyogenic infections. On the other hand, folie acid and vitamin 
B,. had no influence on leukocyte alkaline phosphatase activity under similar 
experimental conditions. While folinie acid did neither activate nor inhibit 
the enzyme activity, when amethopterin or aminopterin was added together 
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Fig. 2.—To show the effect of a mixture of amethopterin and folinic acid on the alkaline 
phosphatase of leukocytes in vitro in a case of myeloid metaplasia. 
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Fig. 3.—The effect of TEM on leukocyte alkaline phosphatase in vitro in a normal individual. 
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with folinie acid, the accelerating effect of the antifolie acid compounds was 
completely abolished (Fig. 2). Neither folic acid nor By, possessed a similar 
ability to negate the i acid effect. 

In preliminary experiments, in order that the nature of the folinie acid— 
antifolic acid effect might be investigated, folinie acid was first added to the 
saline cell suspensions, followed 15 to 20 minutes later by amethopterin. No 
inhibition of the activating property of amethopterin was observed. In the 
reverse experiment, amethopterin was added to the mixture and 15 to 20 minutes 
later folinie acid was added. Again the activating effect of amethopterin was 
unimpaired. 

Effect of Other Radiomimetic Compounds.—A variety of other drugs used 
in the therapy of leukemia and allied diseases were tested; among them HN, 
(methylbis |B chloroethyl] amine), CB1348 (MN -di_ [2-dichloroethyl]]-p- 
amino phenylbutyrie acid) urethane (ethyl carbonate), 6-mereaptopurine, and 
TEM (2,4,6-triethylenimino-s-triazine). Of all these only TEM produced 
an effect. The striking acceleration of alkaline phosphatase activity in all 
experiments when TEM was added (concentrations of 0.001 mg. per milliliter 
and above) to the saline cell suspension is demonstrated in Fig. 3. Unlike the 
antifolie acid compounds, however, addition of folinie acid did not abolish the 
TEM effect. 
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Time Allowed to Stand 
Fig. 4.—The in vitro effect of ACTH and cortisone on the alkaline phosphatase activity 
of leukocytes in two cases of myeloid oo yee (Higher concentrations of cortisone had 
no effect on the alkaline phosphatase in other cases tested.) 
Effect of Cortisone and ACTH .—Valentine and his group® state that leuko- 
eyte alkaline phosphatase ‘is related to stress and to pituitary or adrenal cortical 
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funetion.’’ They have shown that in vivo ACTH gel will cause an elevation 
of leukocyte alkaline phosphatase; in comparison, administration of cortisone 
acetate and hydrocortisone resulted in a much less marked and unsustained effect. 
In our experiments, addition of ACTH in vitro (concentrations of 0.015 mg. 
per milliliter and above) caused a moderate increase in alkaline phosphatase 
activity (Fig. +). Various concentrations of cortisone failed to either inhibit 
or accelerate the enzyme activity. 


DISCUSSION 


For a number of years alkaline phosphatase activity in renal tubular 
epithelium and in the intestinal mucosa has been studied intensively and there 
is good evidence that this enzyme plays a role in secretory and transport 
mechanisms.* It is also known (although the manner is not clear) that phos- 
phomonoesterases participate in general biologic functions such as bone forma- 
tion, muscle metabolism, and tissue repair. Less well understood is the role 
of alkaline phosphatase in carbohydrate and protein metabolism within the 
cvtoplasm and cell nucleus. Indeed, neither the definite chemical composition 
nor the source of this enzyme have yet been identified. 

The phosphomonoesterases of leukocytes afford an unique opportunity for 
study. The alkaline phosphatase activity, detectable by usual histochemical and 
biochemical methods, is confined to the cytoplasm of segmented neutrophilic 
leukocytes almost exclusively. With recent developments in cell separation 
techniques, relatively pure white cell suspensions can be obtained from whole 
blood, and upon these isolated cells biochemical determinations for alkaline 
phosphatase can be earried out. While it is well recognized that there are 
considerable factors of error, especially due to extrapolation, nevertheless, con- 
sistent findings have been obtained by various laboratories using similar 
methods. Moreover, histochemical studies have confirmed, at least grossly, the 
biochemical data. 


It should be emphasized that while in these studies there is apparent evidence 
for enzyme activation, it cannot be stated definitely whether this 1s due to an 
actual increase in the amount of enzyme, increased availability of the substrate, 
or suppression of enzyme inhibitor. 


In the present era of chemotherapy for leukemia and allied diseases, there 
is much speculation as to the role of these agents in cell metabolism. It is 
venerally considered that these compounds interfere directly or indirectly with 
synthesis of nucleo-proteins mediated through cell enzyme systems. In our in 
vitro experiments, aside from any specific implications, the fact that a class 
of agents such as antifolic acid compounds showed marked enzyme activating 
properties is of considerable interest. Hitherto, the role of enzyme activator 
has been attributed mainly to magnesium and other inorganie compounds, 
although Bodansky® has shown that e-amino acids, in low concentration, aeceler- 
ate the aetion of bone phosphatase. The marked ‘‘activating’’ effeet of 
amethopterin and aminopterin in contrast to vitamin B,, was surprising. The 
nature of this activation is not known, but our discovery that folinie aeid eom- 
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pletely blocked the antifolie acid effect led to further investigation into the 
possible mechanism involved. The preliminary experiments described above 
indicate that it is probably not a ‘‘competitive’’ type of reaction, and it seems 
likely that foliniec acid must react directly with the antifolic acid compounds 
to destroy the “‘activating”’ effect. 

Of all other chemotherapeutic agents tested, TEM was the only one which 
significantly influenced alkaline phosphatase activity in vitro. Since folinie acid 
did not abolish this effect, the nature of this activation may differ from that of 
the antifolic acids and further studies are being carried out in this field. 

The rise in leukocyte alkaline phosphatase following in vivo administration 
of ACTH reported by Valentine and associates® led us to the investigation of the 
in vitro effect of ACTH and cortisone on saline-suspended leukocytes with the 
results reported above. It is of interest that in the amounts employed ACTH 
caused a moderate rise in alkaline phosphatase activity but cortisone did not. 


SUMMARY 

Separated leukocytes were suspended in normal saline and incubated at 
37° C. for varying periods of time. Biochemical determinations for alkaline 
phosphatase revealed a ‘‘eurve of enzyme activity’? which reached an apparent 
equilibrium at 4 to 6 hours. Utilizing this observation, various factors, inelud- 
ing varying temperatures, sodium cyanide, magnesium chloride, chemotherapeutic 
agents used in leukemia and allied diseases, ACTH, and cortisone were tested 
on the saline suspended leukocytes. 

It was discovered that antifolic acid compounds (aminopterin and amethop- 
terin) greatly inereased leukocyte alkaline phosphatase activity. This effect 
was abolished, apparently by direct action on the antifolic acid compounds, by 
folinie acid. 

Of all other drugs tested, only TEM showed an activating effect. How- 
ever, folinie acid did not abolish the aetivation of the phosphomonoesterase in 
this case. 

The addition of ACTH in vitro to saline cell suspensions caused an increased 
alkaline phosphatase activity, while cortisone under similar experimental con- 
ditions did not. 

We gratefully acknowledge the technical help given by Miss Lila Fliegelman and Miss 
Margaret Curley in this study. 
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IN VITRO CRYSTALLIZATION OF HEMOGLOBIN OCCURRING IN 
CITRATED BLOOD FROM PATIENTS WITH HEMOGLOBIN C 


A. P. Kraus, M.D.,* anp L. W. Diaes, M.D.** 
Mempuis, TENN. 


URING the course of study of the morphology of erythrocytes from a 

patient with homozygous hemoglobin C disease,’ several moist preparations 
of citrated blood were sent by air mail from Memphis, Tennessee, to Washington, 
D. C. The weather was hot and the petroleum jelly used in sealing the edges 
of the coverslips melted, causing the preparations to be partially dried and 
the erythrocytes to be partially hemolyzed. On microscopic examination ap- 
proximately 20 hours after the preparations were made, it was noted that in 
some fields there were numerous dark brown erystals which had diamond 
and hexagonal shapes (Fig. 1). This observation led us to test the effect of 
slow drying upon crystal formation in the blood of patients with various types 
of hemoglobin C disease and the effect upon blood of individuals in whose 
erythrocytes there was no hemoglobin C. 


SELECTION OF PATIENTS AND METHODS 


Blood was obtained from normal individuals and from patients with the following 
abnormalities: hemoglobin C trait (Hgb. A-C), homozygous hemoglobin C disease (Hgh, C-C), 
sickle-cell anemia (Hgb. S-S), sickle-cell-hemoglobin C disease (Hgb. S-C), and thalassemia- 
hemoglobin C disease (Hgb. C-A™).t 

Five milliliters of venous blood was collected in 3 per cent sodium citrate. The red 
cells of the entire blood sample were washed three times with 8 per cent sodium citrate 
and resuspended in 25 ml. of 3 per cent sodium citrate in a 100 ml. Erlenmeyer flask. This 
suspension was stored in the refrigerator at 6° C. and agitated several times a day.? 
One drop of the suspension of red cells was placed on a slide, mixed with an equal amount 
of 3 per cent sodium citrate solution, covered with a coverslip, and sealed with petroleum 
jelly. The petroleum jelly seal was made only partially airtight, so that the preparations 
dried gradually over a number of days. The speed of this drying process varied from 
slide to slide. The preparations were kept at room temperature and studied repeatedly 
for as long as one week. 

The percentage of hemoglobin in the erythrocytes of various specimens was determined 
by the free boundary electrophoretic method or by the paper elution technique, with use 
of the Beckman B spectrophotometer.4 


From the University of Tennessee College of Medicine, and City of Memphis Hospitals, 
Memphis, Tenn. 

Received for publication Aug. 8, 1955. 

*Dr. Kraus is Assistant Professor of Medicine at the University of Tennessee College 
of Medicine and Assistant Director of the Department of Medical Laboratories of the Uni- 
versity of Tennessee-City of Memphis Hospitals. Dr. Kraus_is_ at present Visiting Pro- 
fessor of Hematology at the University of Indonesia School of Medicine, Djakarta, Indonesia. 

**Dr. Diggs is Professor of Medicine at the University of Tennessee and Director of the 
Department of Medical Laboratories of the University of Tennessee-City of Memphis Hospitals. 

*AT signifies hemoglobin A and the thalassemia gene. 
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Fig. 1—Phase contrast photomicrograph of partially dried and hemolyzed citrated 
blood from a patient with homozygous hemoglobin C disease. The crystals are believed to be 
hemoglobin crystals and the round, granular objects the remnants of hemolyzed erythrocytes 
(red cell stroma). (X700.) (Photograph by Capt. Frank B. Johnson, A.F.I.P., Washington, 
Db. C., Picture No. 54 17278.) 








; Fig. 2.—Sickle-cell-hemoglobin C disease. Unstained, sealed, moist preparation of citrate- 
Suspended red cells showing intraerythrocytic crystals (4) and aggregation of hemoglobin 
along cell margins (B). (X1,400.) 
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RESULTS 


The moist preparations of citrated, washed erythrocytes, suspended in 3 
per cent sodium citrate and stored at 6° C., gave essentially the same results, 
in so far as crystal formation was concerned, days or weeks after refrigeration 
as when freshly prepared. 


The results are summarized in Table TI. 


TABLE I 


HEMOGLOBIN PER CENT 





CASE NO, | DISEASE 


.e-. ©. | CRYSTALS 
1 Normal (AA) | 100 = 
2 Normal (AA) 100 - 
3 Normal (AA) 100 = 
4 Sickle-cell anemia (SS) 100 - 
5 Homozygous hemoglobin © disease (CC) 100 + 
6 Sickle-cell-hemoglobin C disease (S-C) 42 58 + 
7 Sickle-cell-hemoglobin C disease (S-C) 4] 59 + 
8 Sickle-cell-hemoglobin C disease (S-C) 39 61 + 
9 Sickle-cell-hemoglobin C disease (S-C) 39 61 4 
10 Sickle-cell-hemoglobin C disease (S-C) 37 63 + 
1] Thalassemia-hemoglobin © disease (CA™) 23 1a + 
12 Hemoglobin C trait (AC) 57 43 - 
13 Hemoglobin C trait (AC) 59 4] - 
14 Hemoglobin C trait (AC) 60 40 ~ 
15 Hemoglobin C trait (AC) 62 38 ~ 
16 Hemoglobin C trait (AC) 64 36 = 








In vitro demonstration of intraerythrocytic crystals in partially dried, citrated blood from 
patients with different types of hemoglobin. The hemoglobin percentages in Cases 1 to 11 
were determined by paper electrophoresis elution technique, with use of the Beckman B 
spectrophotometer.t| In Cases 12 to 16 the hemoglobin concentration was determined by the 
free-boundary electrophoresis technique. 


In the patient with homozygous hemoglobin C disease, crystals of hemo- 
globin were demonstrable in approximately 2 per cent of the erythroeytes in 
stained and unstained moist preparations and in dried blood smears of fresh 
peripheral blood. The intraerythrocytie crystals did not increase in similarly 
prepared specimens of citrated blood after standing for hours in tightly sealed, 
moist preparations, Moist preparations of suspensions of erythrocytes in 3 
per cent sodium citrate, partially rimmed with petroleum jelly, revealed in- 
creasing numbers of intraerythrocytie crystals as the preparations slowly dried. 
After 6 to 8 hours, in some preparations, practically all of the remaining cells 
contained erystals of hemoglobin. 

It was not possible to reproduce the conditions leading to the formation 
of intraerythrocytie crystals of the type illustrated in Fig. 1, but the intra- 
erythroeytie crystals observed had the same configuration as those originally 
observed. 

Five patients with sickle-cell-hemoglobin C disease were examined. In 
these five patient the concentration of hemoglobin C was 58 per cent or more 
(Table I). No erystal structures were found in fresh preparations of red eells 
immediately after washing with 3 per cent sodium citrate solution. Moist 
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preparations of citrate-suspended red cells stored at 6° C. for two days or 
more did not reveal any crystalline structures when observed immediately. 
When these slides were kept at room temperature for 2 to 6 hours, one or more 
crystals formed in some of the red cells of all of these patients (Figs. 2, 3, 4). 


Mig. 3.—Sickle-cell-hemoglobin C disease. Same prepartion as Fig. 2. Three hemoglobin 
crystals in one erythrocyte. (xX1,400.) 


Fig. 4.—Sickle-cell-hemoglobin C disease. Same preparation as Figs. 2 and 38. Rodlike crys- 
_tal in erythrocyte. (X1,400.) 

The cells containing these structures could be rotated by pressing the 

coverslip lightly with a dissecting needle. In this manner it was possible to 

demonstrate that the majority of crystals consisted of prisms with four sides 
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with pyramids on the ends. Some of the erystals were short and thick (Fig. 
3), while others appeared as long, rodlike structures (Fig. 4). When a erystal 
formed, the concentration of hemoglobin in the remainder of the eell was 
noted to be markedly less than that of the surrounding cells. Cells containing 
erystals were particularly numerous along the drying margins of the prep- 
aration. After four days, as many as 50 per cent of the red cells contained 
erystals. Still later many of the red cells disintegrated. No free hemoglobin 
crystals could be found in any of the preparations. 

In addition to the formation of intraerythrocytie crystals, many of the 
red cells showed apparent aggregation of hemoglobin along the margins of the 
cells (Fig. 3). Actual transformation of these into erystals was never observed. 

The blood of one patient with thalassemia-hemoglobin C disease was ex- 
amined by the method described above. This patient has been described in 
detail previously as ‘‘Mother D.’” Intraerythrocytie erystals which resembled 
those found in the cells of sickle-cell-hemoglobin C patients were observed. 
The concentration of hemoglobin C in this patient was 77 per cent (Table 1). 

Five patients with hemoglobin C trait (Hgb. A-C), one with sickle-cell 
anemia (Hgb. S-S), and three normal individuals (Hgb. A-A) were examined 
(Table I). The red cells of none of these patients could be induced to form 
hemoglobin erystals. These cells also failed to show the aggregation of hemo- 
elobin along the cell margins as described above. 


DISCUSSION 

The above evidence suggests that the formation of tetragonal erystals of 
hemoglobin within erythrocytes by the simple method of slow drying of citrated 
blood under a partially sealed coverslip is a property of hemoglobin C, since 
it was demonstrable in erythrocytes from patients with hemoglobin C and was 
not demonstrable in erythrocytes from normal individuals and in a patient 
with sickle-cell anemia. The present evidence does not exclude the possibility 
that other factors also may be present. 

The ability to demonstrate tetragonal crystals of hemoglobin in partially 
sealed, moist preparations of citrated blood was related to the initial econ- 
centration of hemoglobin C within the erythrocytes, This idea is supported by 
the fact that the phenomenon was not demonstrable in five patients with the 
hemoglobin C trait (Hgb. A-C), all of whom had less than 44 per cent hemo- 
globin C, whereas it was demonstrable in all patients examined in whose eryth- 
rocytes the initial concentration of hemoglobin C was 58 per cent or more. 

In vivo crystallization of hemoglobin within the erythrocytes of our patient 
with homozygous hemoglobin C disease is unusual. In so far as the authors 
are aware, this phenomenon was not reported previous to 1954.1. The factors 
influencing the spontaneous appearance of crystals within some of the eryth- 
roeytes of the circulating blood are not known. 

On the basis of the known facts concerning the increase in the viscosity 
of the blood containing sickle-cell crystals and the vascular occlusive phenomena 
observed in patients whose erythrocytes sickle in vivo, it is logical to assume 
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that some of the symptoms and signs of patients with homozygous hemoglobin 
(* disease may be due to rigidity of cells containing tetragonal hemoglobin 
erystals and the ‘‘log jamming’’ of the circulation by these structures. In 
sickle-cell-hemoglobin C disease, the mixtures of two abnormal types of hemo- 
globin, both of which are readily erystallized, may account for the more 
severe clinical symptoms and more extensive anatomic lesions in sickle-cell- 
hemoglobin © disease than in the sickle-cell trait (IHgb. A-S) or the hemo- 
globin C trait (Hgb. A-C). 

If further studies confirm the ability to consistently demonstrate tetragonal 
crystals in vitro in patients with homozygous hemoglobin C disease, in sickle- 
cell-hemoglobin C disease, and in thalassemia-hemoglobin C disease, a relatively 
simple method will be available for the diagnosis of these conditions. The 
presence of sickle-cell hemoglobin can be determined in tightly sealed, moist 
preparations of whole blood and the presence of hemoglobin C by partially 
sealed, moist preparations of citrated blood. Further studies are necessary to 
determine the optimal conditions for the production of crystals. 


SUMMARY 

Suspensions of washed erythrocytes in 3 per cent sodium citrate solution 
were sealed under a coverslip, left at room temperature for hours, and allowed 
to dry slowly and to hemolyze partially. In such preparations of citrated 
blood from five patients with sickle-cell-hemoglobin C disease (Hgb. S-C) and 
in one patient with thalassemia-hemoglobin C disease, in whose erythrocytes 
the initial concentration of hemoglobin C was greater than 58 per cent, tetrag- 
onal crystals of hemoglobin were demonstrable. In erythrocytes of a patient 
with homozygous hemoglobin C in whose erythrocytes there were a few 
tetragonal erystals in fresh blood, there was a significant increase in the number 
of intraerythroeytie crystals as the moist preparations of citrated blood dried. 
Intraerythrocytie erystals of hemoglobin were not observed in the partially 
dried preparations of citrated blood from five patients with heterozygous 
hemoglobin C disease in which the initial concentration of hemoglobin C was 
less than 44 per cent. Tetragonal erystals were not demonstrated in partially 
drying preparations of citrated blood from normal individuals nor in one 
patient with sickle-cell anemia. 
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CARTILAGINOUS DEPOSITS INDUCED BY FREEZING RESOLVED BY 
A BACTERIAL POLYSACCHARIDE (PIROMEN) 


BERNARD ©, WEXLER, M.A., Px.D.,* AND Emit W. TrRyCzZyNSKI, B.S. 
Morton Grove, ILL. 


With THE TECHNICAL ASSISTANCE OF KATHLEEN W. Miuuer, B.S., MLS., 
JEAN KE. Mervusia, B.S., anp Nancy Srerrert, B.A. 

HE effective use of a bacterial polysaccharide complex, Piromen,t as an 

adjuvant to rapid thaw therapy of the frozen rabbit ear has recently been 
reported in this JouRNAL.'| With such therapy, ears exposed to freezing tem- 
peratures and then rapidly thawed suffered little or no loss of tissue. Gangrene 
was prevented; the surviving tissue remained well vascularized, naturally 
soft, and covered with abundant new hair. On the other hand, in the ease of 
animals given a placebo only a few ears remained intact without separation. 
When ears remained intact, the appearance of vitality had been lost; the tissues 
were fibrotic, shrunken, poorly vascularized, cold to the touch, and denuded of 
hair. 

Because of these notable differences in gross appearance between the ears 
of rabbits which had been treated with Piromen and those given the placebo, 
biopsy specimens were removed for histopathologic study; the present paper 
records these observations. In addition, after four weeks of observation with- 
out treatment of any kind, a regimen of therapy with Piromen was instituted 
for those animals with fibrotic, intact ears. The gross and histologic observa- 
tions are reported. 

MATERIALS AND METHODS 


In the experiment reported earlier! sixty-two female New Zealand white rabbits, 4.0 


ce ’ 


to 5.0 kilograms in weight, were used. The left ear was ‘‘carefully and completely’’ shaved 
with electric clippers. The right ear was reserved for injections and served as a control. 
The animals were placed under deep anesthesia (sodium pentothal) before freezing. 

The freezing mixture was maintained at —50° C. and consisted of solid carbon dioxide 
in a. 50:50 mixture of ethylene glycol and water containing 150 ml. of 95 per cent ethyl 
aleohol per liter. The distal third of the ear was immersed for exactly one minute, care 
being taken to expose equal amounts of tissue in each case. The ear was transferred to 
a solution of water held at +42° C. (rapid thaw) and immersed for two minutes; the animal 
was then returned to its cage. 

Animals which were to receive Piromen or placebo injections were selected at random. 
Piromen was administered, 1 meg. in 0.1 ml. per kilogram of body weight intravenously,} 


From the Scientific Division, Baxter Laboratories, Inc., Morton Grove, II. 

Received for publication June 8, 1955. 

*Present address: The May Institute for Medical Research, 421 Ridgeway Avenue, 
Cincinnati 29, Ohio. 

yPiromen is a sterile, nonprotein and nonanaphylactogenic bacterial polysaccharide com- 
plex, prepared as a stable suspension in ; M sodium r-lactate, containing 1:10,000 thimerosal! 
and is a product of Travenol Laboratories, Inc., a subsidiary of Baxter Laboratories, Inc., 
Morton Grove, Il. 

tIntravenous injection of 1 mcg. of Piromen per kilogram of body weight causes an 
average rise of 0.68° C. in body temperature in the rabbit. 


706 





































if 
le 
re 


LO 


al 


in 








Volume 47 CARTILAGINOUS DEPOSITS RESOLVED BY PIROMEN 
Number 5 


707 
immediately following rapid thaw therapy, daily thereafter for seven days, then on alternate 
days for three weeks (week ends excluded). A similar schedule was observed for those ani- 
mals receiving the placebo (0.1 ml. per kilogram) consisting of sodium r-lactate with 
thimerosal (1:10,000). 

The animals recovered promptly and were housed in galvanized metal cages. No 
restraint or protective measures were taken to shield the damaged ears. The rabbits were 
fed their regular diet while under observation. 

This first four-week period of treatment shall be referred to as ‘‘Phase I’’ in the 
remainder of this article. 

At the end of Phase I we found that in the placebo-treated group of animals (31) 
only 9 had ears which survived freezing. These ears were markedly fibrotic and contracted, 
In earlier experiments condueted in an identical fashion, histologic examination of biopsy 
specimens taken from ears in this condition described above consistently showed heavy 
cartilaginous deposits along the aural plate.* For the reason given above and because of 
the small number of surviving ears, no biopsy specimens were taken from these nine animals 
at this time. Of the animals given Piromen in addition to the rapid thaw therapy, 25 
showed no loss of tissue and three showed only partial loss. All had well-maintained ears.1 
Of these, 15 were chosen at random and reserved for further study. The remaining 16 
animals were sacrificed after mid-sagittal biopsy specimens were removed. All samples were 
taken at the mid-point of the line of immersion. Each specimen included the exposed por- 
tion, the line of immersion, and the unexposed portion. After a brief macroscopic examina- 
tion, these were fixed in 10 per cent buffered neutral formalin, embedded in paraffin, sec- 
tioned at a thickness of 5 wu, and stained with hematoxylin and eosin. 

We wished to determine whether or not the fibrosed tissue thus established would un- 
dergo spontaneous resorption in time or whether such fibrotic processes would be progressive 
in severity if untreated. Could Piromen affect the histopathologic processes in any way? 
Further, was the therapeutic effectiveness exhibited by Piromen against freezing of suf- 
ficient magnitude that suspension of treatment would not be followed by renewal of fibro- 
blastie activity or subcutaneous deposition of cartilage? 

A four-week period of rest was allowed during which time no treatment of any kind 
was given any of the animals. Since no gross changes took place in either of the two re- 
maining groups, no biopsy specimens were taken. This rest period will be referred to as 
‘Phase IT.’’ 

In Phase III, therapy was reinstituted and continued for four weeks. Those placebo- 
treated animals whose ears had survived freezing (although fibrotic) in Phase I were divided 
into three groups of three each. The first group was given 1 meg. of Piromen, intravenously, 
as in Phase I. The second group of three was given the placebo (see above), and the re- 
maining animals were given no treatment. The 15 animals whieh had been given Piromen 
in Phase I and whose ears were well maintained were now divided into three groups. Three 
were given no treatment, four were given placebo injections (see above), and the remaining 
eight were given Piromen (see above). 

Control rabbits, of the same sex, age, weight, and strain and with ears which were not 
traumatized, provided a source of normal tissue for histologie comparison. 

At the close of Phase III (third period) mid-sagittal biopsy sections were taken, in the 
manner described above, from all animals prior to sacrifice. 


RESULTS 
1. Phase IT (Résumé).— 
A. Animals receiving placebo: 


(Gross Observations: In the experiment reported earlicr,' we found that ears 
which survived freezing and rapid thawing without Piromen treatment either 





*A total of 18 fibrotic ears were biopsied prior to the experiment reported here. All 
showed cartilaginous deposits along the aural plate in addition to the fibroses in the sub- 
cutaneous tissue. 
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became gangrenous and underwent amputation or remained intact. In such 
intact ears there was considerable contraction of the exposed distal portion down 
to the line of immersion. The exposed tissue was fibrotic in texture, denuded 
of hair, and only a small part of the vascular bed could be discerned; this por- 
tion of the ear was cold to the touch and white in color. The proximal, unex- 
posed portion was normal in most respects, but the venous tree was distended 
and engorged. : 

Microscopic Observations: Tissue biopsy specimens from the stumps of 
ears which had undergone amputation (gangrenous) showed intense fibroplasia 
around the suspending plate of aural cartilage. This was most pronounced 
around the terminal portion of the cartilaginous plate where separation had 
taken place (See Fig. 1). The outer portion of the amputated ear was com- 
pletely re-epithelized. 

Previous experience in this laboratory has shown that those ears which 
me survived freezing were sclerosed and along both sides of the aural plate showed 
newly proliferating cartilage which had become ealcified. The cartilage cells 
of the aural plate were large and most of the lacunae devoid of cells (Fig. 2). 
The intracellular cytoplasm stained deep red with eosin. The newly proliferated 
‘artilaginous tissue, on the other hand, was made up of small, young, nucleated 
cells arranged in clusters of isogenous groups. In this ease, the intercellular 
ground substance stained light blue with hematoxylin.* One could see con- 
siderable fibroblastic metaplasia at the periphery of the newly generated material 
(Fig. 2). The epithelial components of the hair follicles and sebaceous glands 
were pyknotic. Deposition of this newly formed cartilaginous material ex- 
a tended from the tip of the ear proximal to the line of immersion and, occasion- 
: ally, beyond this point; the cartilaginous material did not extend past the line 
of immersion. Topographically, the immersion line was sharply demareated 
by the abrupt narrowing of the swollen, fibrosed tissue as it passed over into 
tissue which appeared to be normal. This narrowing did not produce an an- 
nular constriction of the ear. 

























B. Piromen-treated animals: 






Gross Observations: With Piromen therapy, the ears showed no evidences 
of contraction, remained vital in appearance, were well vascularized without 
venous distention, and showed an exeellent regrowth of hair on shaven areas. 
The extraordinarily heavy growth of hair on some ears sharply demarcated 
frozen from nonfrozen tissues, outlining the line of immersion. 

Microscopie Observations: Histologically these ears were normal in ap- 
pearance (Fig. 3). There was no evidence of cartilage formation or concentra- 
tion of fibrotic elements in, or around, the perichondrium. Epithelial elements, 
such as the hair follicles and sebaceous glands, showed no evidence of aeeumula- 










tion of cellular debris and were well vaseularized. 








*In the histogenesis of cartilage there is dynamic change in the chemical composition of 
ground substance as well as in morphology. Mucopolysaccharides, such as chondromucoid and 
chondroitin sulphuric acid, make up the ground substance of cartilage; the last-named _ is 
especially abundant in embryonic cartilage. With increasing age chondroitin sulphuric acid 
decreases as albuminoid increases. Thus, one can determine the relative age of a specimen 
of cartilage not only by morphologic characteristics but also by its tinctorial reaction which 
refiects the alteration in the chemical composition of ground substance. 

























Fig. 1.—Remaining portion of ear frozen and given rapid thaw therapy and the placebo. 
Frozen tissue lost by process of natural amputation. Note intense fibroblastic activity about 
the tip of the aural cartilage. Point of separation completely re-epithelized. 

_ Fig. 2.—Specimen of surviving. fibrosed aural tissue. Ear frozen, thawed rapidly. The 
animal was given placebo only. Older cartilage of the aural plate (deeply eosinophilic— 
dark black in photo) ; newly proliferated cartilage (basophilic—light gray in photo). Intense 
fibroblastic metaplasia at all borders of the cartilaginous deposit. Note subcutaneous fibroses. 

— 3.—Ear frozen, given rapid thaw therapy and Piromen. The ear appears entirely 
normal. 

Fig. 4.—Specimen of the ear of intact rabbit (unexposed). The differences in the width 
of the aural plate are the result of sampling. 

Fig. 5.—Ear frozen and given rapid thaw treatment and the placebo. Ear survived; 
fibrosis and contraction present. The animal was given four weeks rest and, subsequently, 
the placebo for four additional weeks. Note that the cartilage and fibrosis is much more devel- 
Oped than in Fig. 2. 

Fig. 6.—Same conditions as in Fig. 5. (All figures: hematoxylin and eosin, 130; 
reduced ¥.) 
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2. Phase I1.—This was the four-week period of rest during which time 
no treatment was given to any of the animals. No gross detectable changes 
took place and no biopsy specimens were taken. 

3. Phase III.— 


A. Animals receiving placebo: 


Gross Observations: Animals whose ears had become fibrotic during Phase 
I and were given either placebo or no treatment (Phase III) showed increased 
thickening of the exposed portion and/or became progressively more fibrotic 
in this phase. 

Microscopie Observations: During this phase (III) of the investigation, 
striking histopathologie changes were observed in the fibrotic ears. It ap- 
peared on gross inspection that the ears of animals given the placebo alone had 
undergone complete fibrosis and that the process had reached a point of maximal 
development. Histologic examinations showed that the process was progres- 
sive. Figs. 5 and 6 illustrate the intense and unabated proliferation of ear- 
tilage present three months after the initial exposure. Compare this with the 
extent of proliferated material present at the end of the first four-week period 
(Fig. 2). This heavy deposition of cartilaginous material was quite uniform, 
extending on both sides of the aural plate from the tip of the ear to the line 
of immersion. 

B. Animals receiving Piromen: 


(Gross Observations: Ears exhibiting fibrosis (placebo-treated animals dur- 
ing Phase I), as described above, showed considerable improvement in gross 
appearance within 10 days after Piromen therapy was begun (Phase III). The 
ears became progressively more pliable, the skin turned pink in color and, after 
four weeks of therapy, the hair growth on the distal portion of the ear which 
originally had been shaven and frozen, was found to be more luxuriant than 
that of the proximal portion. It bears repetition that the placebo-treated ani- 
mals and those reeeiving no treatment (during Phase I11) showed increase in 
the extent of histopathology of their ear structures after this interval. 

The ears of animals which were well maintained to begin with (animals 
treated with Piromen for four weeks) showed no reversal in their vital appear- 
anee two months after suspension of therapy (Fig. 10). 

Microscopie Observations: Fig. 8 illustrates a specimen from the ear of 
an animal given the placebo only during Phase I. This ear remained attached, 
although fibrotic after freezing and rapid thawing. After an interim rest 
period of four weeks (Phase II), Piromen was given for one month. In speci- 
mens taken from animals so treated (with one exception, vide infra), the aural 
‘artilage was completely cleared of extraneous cartilaginous deposits. The sub- 
cutaneous tissue was normal in appearance, the epithelial structures were in- 
tact, and their cells clear and active. In one animal, however, the process of 
resorption was still incomplete at the time of sacrifice. On one side of the aural 
plate, at a point located midway between ear tip and the line of immersion, 
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minute foci of the residuum of extracartilaginous deposits could be seen. The 
continuity of this plaque was interrupted irregularly by areas of reabsorbed 
cartilage, evidence of typical chondroclastic digestive activity (Fig. 9). 

The ears of animals given Piromen in Phase I of this experiment, regard- 
less of whether they were given no further treatment, placebo injections, or 
further treatment with Piromen in Phase III, showed no reversal in vital ap- 
pearance and no evidence of ‘‘break through,’’ i.e., reactivation of the process 


4 Fig. 7.—Frozen, treated with rapid thawing and Piromen. Compare this figure with 
Fig. 4 (intact, untreated ear). 

: Fig. 8.—Frozen and treated with rapid thawing and placebo for four weeks. Far _ sur- 
vived but was fibrotic. Animal was given four weeks’ rest, then Piromen for four additional 
weeks. Compare with Figs. 3, 4, and 7. 

Fig. 9.—Conditions were the same as in Fig. 8. Small residuum of calcified plaque found 
at one side and in the center of the aural plate (exposed portion). Excellent example of an 
extracartilaginous deposit in the process of resorption. 

_Fig. 10.—Ear frozen and given rapid thaw and Piromen therapy. Ear was in excellent 
condition at the end of the fourth week. No further treatment. Two months later tissue 
appears normal with no evidence of “escape” or outbreak of the pathologic processes shown 
above in Figs. 5 and 6. (All-figures: hematoxylin and eosin, 130; reduced 14.) 


of eartilaginous deposition (Fig. 10). This observation becomes even more 
meanineful when it is remembered that in the untreated animal this process 
is progressive. 
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DISCUSSION 
These experiments demonstrate that the trauma of freezing followed by 
rapid thawing and the sequelae of vasoconstriction, blood stasis, edema, exuda- 
tive weeping, anoxia, gangrene, and mummification will end in profound tissue 
fibrosis if natural amputation does not intervene. The dynamic alteration in 
the physico-chemical status of frozen tissue acts as a stimulus for the deposi- 
tion of a collagenous matrix formed by accelerated fibroblastic activity. This 
fibrinous groundwork is then transformed by chondroblastic elements into plac- 
odes of new cartilage. This must be considered to be a progressive phenomenon; 
the placebo-treated animals in the study showed much greater deposition dur- 
ing the second and third phases of the experiment. Accompanying this re- 
markable change, pyknotie alterations appeared and, finally, destruction of the 
epithelial elements such as hair follicles and sebaceous glands; this cellular 
damage provides an explanation. for the failure of regrowth of hair and for 
dryness of the skin observed in animals given the placebo only. 

Destruction of the vascular bed would explain the ‘‘coldness’’ to the 
touch which exists in ears so damaged. The thin, flat structure of the rabbit 
ear is very deceptive in its appearance, for it is normally quite richly vascular- 
ized. It is known, for example, that the temperature of the ear will rise as 
much as 10° C. above that of ice water in which it is immersed; this could only 
be achieved by means of an exceptionally profuse blood flow.? 

The resorption of cartilaginous material from the damaged rabbit ear after 
Piromen administration would appear to confirm certain findings previously 
reported on the effects of this preparation. In wound healing and nerve injury 
studies, Piromen has been shown to kave the capacity to hold fibroblasts in 
abeyance around the site of injury, to stimulate activity of macrophages, to 
induce increased vascularity, and to influence the growth of mesenchymal ele- 
ments.** The induction of vascularization in traumatized tissue may be para- 
mount in the prevention, or resorption, of fibrinous or cartilaginous material; 
this would account for the warm, vital feeling in the ear of the rabbit after 
Piromen administration and, in consequence, for the preservation of structure. 

There may be several mechanisms by which Piromen prevents tissue dam- 
age. First, it is known that fever-inducing agents increase tissue vascularity 
and have, therefore, salutary effects in peripheral vascular disease.°-!?, Piromen, 
in the dosages used in our experiments, is pyrogenic for the rabbit. Temporary 
vasoconstriction is followed by vasodilation; the vascularity so promoted may 
alter the connective tissue milieu in such a manner as to favor the reversal of 
the usual pattern of cellular pathology, 1.e., change. 

In the second place, Piromen stimulates the pituitary-adrenal axis and in- 
creases corticoid release.!*'* The adrenal steroids control vascular tonicity and 
capillary permeability. They assist in maintaining the integrity of the endo- 
thelial wall,!®*! and, by restricting certain elements of the cell population at 
the site of inflammation or trauma (fibroblast and macrophage concentrations), 
affect tissue permeability.2?°* Similar mechanisms may be operative under the 
conditions which have prevailed in our own studies. 
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Finally, a number of investigators now working upon the problems involv- 


ing injury due to cold have advised a closer examination of the neurovascular 
factors causing the dual phenomena of vasoconstriction and vasodilation. Since 
the fine, unmyelinated nerves alter arteriolar tone and diameter by stimulation 
of smooth muscle, their destruction may modify the production of pathologie 
changes after burns or cold injury.?°“° The interesting results which have fol- 
lowed the use of Piromen in nerve injury.** suggest that it may afford protee- 
tion against destruction of neurovascular elements. 


SUMMARY 


1. Kars of 62 rabbits were frozen and then thawed rapidly. Half the 
animals were given Piromen, a bacterial polysaccharide suspended in 1/6 molar 
sodium r-lactate, and the other half received solvent itself as placebo for four 
weeks (Phase I). 

2. After one month, approximately one-third of the animals treated with 
the placebo still retained their ears. Grossly, these ears were contracted, fibrotic, 
poorly vascularized, and denuded of hair. Histologically, marked deposi- 
tion of placodes of cartilage was present, with concomitant destruction of the 
epithelial elements. All Piromen-treated animals had well-vascularized afibrotie 
ears; there was complete restoration of hair growth and, histologically, no patho- 
logic changes in these ears. 

3. After an interim rest period of four weeks (Phase II), animals were 
given: (a) Piromen, (b) a placebo, sodium r-lactate, or (¢) no treatment. 

4. After four weeks of treatment with Piromen (Phase III), animals with 
previously scarred ears showed a restored vascular pattern, with hair regrowth. 
Histologically, there was resorption of the calcifie plaques; in one animal a 
residual plaque was observed during the process of resorption. Animals given 
Piromen for four weeks initially (Phase I) and no further treatment were af- 
forded complete protection from the pathologie process during the three-month 
period of this study. Where the placebo alone was employed, the calcific fibrosis 
after freezing was a continuous process which proceeded unabated throughout 
the three-month period of observation. 

5. The results show considerable correlation with the effects previously at- 
tributed to Piromen. These effects may be related to the capacity of the prep- 
aration to induce fever or to its capacity for stimulating the pituitary-adrenal 
axis and ecorticoid secretion. 
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THE EFFECT OF HYPOPHYSECTOMY AND GROWTH HORMONE ON 
THE INCORPORATION OF LABELED SULFATE INTO TIBIAL 
EPIPHYSEAL AND NASAL CARTILAGE OF THE RAT 


WititaAmM R. Murpuy, M.D., Winuiam H. DauGuapay, M.D., AND 
CAROLYN Hartnett, A.B. 
Str. Louis, Mo. 


— studies have demonstrated the importance of the anterior 
pituitary gland in maintaining chondrogenesis of the epiphyseal plate of 
the long bones of the rat.1. Narrowing of the plate follows hypophyseetomy. 
and normal width can be restored by the administration of pituitary growth 
hormone. The inerease in width of the epiphyseal plate of the proximal end 
of the tibia of hypophysectomized rats after the administration of growth 
hormone has provided a widely used assay for growth hormone.’ 

The incorporation of radiosulfate into cartilage, primarily as chondroitin. 
sulfate,* provides a useful index of cartilage metabolism. This technique has 
been used to study the effect of diets deficient in certain vitamins on cartilage 
metabolism.*-° Ellis, Huble, and Simpson’ have found that hypophyseetomy of 
immature growing rats decreased the incorporation of radiosulfate into costal 
cartilage when compared with normal controls. The administration of 25 meg. 
of growth hormone daily for three days caused a significant rise in the 
rate of incorporation of labeled sulfate to nearly normal levels. Daughaday, 
Murphy, and Hartnett,* in a preliminary report, have described similar changes 
occurring in the proximal tibial epiphysis of the rat. It was found that the 
uptake of sulfate declined rapidly following hypophysectomy to reach a level 
of about 40 per cent of normal after fourteen days. The response of the tibial 
cartilage to small doses of growth hormone occurred rapidly. With a total 
dose of between 10 and 250 meg, of growth hormone, the response was pro- 
portional to the logarithm of the dose. Denko and Bergenstal® have also 
presented observations on the effect of hypophysectomy and growth hormone. 
They have compared the uptake of sulfate by costal cartilage, tibial eap, xiphoid 
cartilage, meniscus, and a number of other organs. Only in the ease of the 
costal cartilage were they able to show a significant decline after hypo- 
physeectomy. Nevertheless an increased S** sulfate uptake occurred following 
erowth hormone administration to hypophysectomized rats for nine days in 
all cartilage samples studied. Growth hormone had no consistent effeet in 
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normal rats and in some eases appeared to depress the uptake of sulfate. 
Further evidence was presented that the effect could not be explained by the 
small amount of thyrotropin present in their growth hormone samples. 

In this paper we wish to present in full our studies of the factors involved 
in the action of growth hormone on the incorporation of radiosulfate into 
cartilage. A sensitive and convenient assay for growth hormone based on this 
response is described. 

METHODS 

Normal and hypophysectomized* male rats of the Sprague-Dawley strain, weighing about 
50 grams, were used. Hypophysectomized animals showing an appreciable weight gain over 
a period of two weeks were discarded. All rats were housed in cages with wire bottoms 
and fed Laboratory Chow.t Hypophysectomized animals also received white bread. The 
Chow was removed from the hypophysectomized animals twelve hours before administration 
of radiosulfate and restored twenty-four hours after administration. 

A solution of $%5-labeled sodium sulfate in 0.85 per cent sodium chloride was pre- 
pared, containing in each 0.5 ml., 1 mg. of sodium sulfate carrier and 400,000 CPM of 
S35 (counted according to the method described below). Each rat received an intra- 
peritoneal injection of 0.5 ml. of the S%5 solution forty-eight hours before being killed 
with chloroform. At this time the S8°5 content in tissues other than cartilage was very 
low and the variability in tibial uptake was somewhat less than that observed after twenty- 
four hours. The conditions of the experiment were designed to provide approximately 
200 CPM per tibial epiphysis, an amount of radioactivity which is conveniently measured 
by our equipment. 

The proximal ends of the tibias were amputated to include the intact epiphyseal plate. 
The soft tissue was carefully removed. The nasal septum was removed intact, and the bone 
and nasal mucosa were removed. Each specimen was placed in a separate tube to which 
had been added 1 ml. of 0.1875 M Na.SO,, 1 ml. of water, and 2 ml. of concentrated 
hydrochloric acid. The tubes were heated in a steam bath for three hours to hydrolyze 
ester sulfates. The hydrolysate was filtered through Whatman No. 1 paper and 2 ml, 
of 10 per cent BaCl, was added to precipitate the sulfate as barium sulfate. The precipitate 
was collected by centrifugation and washed with water and finally with 95 per cent 
ethyl aleohol. The precipitate was next suspended in small quantities of 95 per cent 
ethyl alcohol and transferred to an aluminum cup with an inside diameter of 2 em. Minor 
losses in transfer do not affect the measured radioactivity, as it is necessary to transfer 
only two-thirds of the barium sulfate to count the radioactivity at infinite thickness. 
The alcohol was evaporated under an infrared lamp. Standards for caleulating the re- 
covery of S35 were prepared in quadruplicate by precipitation of 1 ml. of a 1:2,000 dilution 
of the material used for injection. Radioactivity was determined with a proportional gas 
flow counter.10 The amount of radioactivity in each specimen was expressed in uptake 
units which were defined as the amount of radioactivity present in 1/10,000 of the injected 
dose. Beef growth hormone,} L-thyroxine,§ cortisone acetate,|| and hydrocortisone]! were 
diluted with a 0.9 per cent NaCl and injected subcutaneously, except when otherwise stated. 
The protein content of the growth hormone preparations was calculated from the nitrogen 
content determined by micro-Kjeldahl with use of a factor of 6.25, 

*Hypophysectomized by the Hormone Assay Laboratory, Chicago, Ill. 


yPurina Laboratory Chow, Ralston Purina Company, St. Louis, Mo. 

fArmour Beef Somatotropin, lots #J21609M and #M108 were kindly provided by S. L. 
Steelman of Armour Laboratories, Chicago. Ill 
§Provided by Dr. H. L. Fevold of Travenol Laboratories, Inc., Morton Grove, TIL 
||Provided by Merck & Co., Inc., Rahway, N. J. 
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RESULTS 

The uptake of radiosulfate in the proximal tibial epiphysis fell pro- 
evressively during the posthypophysectomy period until a minimum value was 
reached between twelve and twenty days (Fig. 1.) The incorporation at this 
time was less than one-half that occurring in normal rats weighing 50 grams. 
The apparent rise in uptake occurring between twenty and thirty-six days 
is probably due to experimental variation. Uptake of labeled sulfate in 
the proximal end of the tibia of normal rats also fell with increasing age 
and body weight (Table I). This observation confirms the earlier finding of 
Dziewiatkowski.t The uptake in the distal femur was found to be almost 
identical to the tibia. 
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DAYS AFTER HYPOPHYSECTOMY 


Fig. 1.—The uptake of S*-sulfate in the proximal end of the tibia at various time intervals fol- 


lowing hypophysectomy. All animals were operated upon between 20 to 25 days of age. 


Growth hormone increased the uptake of radiosulfate in the proximal end 
of the tibia of the hypophysectomized rat (Table Il). The maximal tibial 
uptake was obtained when growth hormone was given twenty-four hours 
before the administration of S**. In experiments not presented in Table IT, 
the administration of 500 meg. of growth hormone for seven days actually 


TABLE I. 835 UpraKeE IN TIBIAL Epipiysis OF NORMAL RATS 


AGE | a os by Tag ane 











| WEIGHT | S35 UPTAKE 
(DAYS) NUMBER | (GM.) | (UNITS* ) 
20-30 1] 51 131 (79-163) 
30-40 6 78 72 (40-97) 
40-50 6 111 78 (26-120) 
50-60 3 201 52 (42-65) 





*Mean and range of values. 
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caused less inerease in uptake than when a similar dose was given daily for 
four days. When growth hormone was given only twelve hours before 8S”, 
the effeet was much less than at twenty-four hours. Carrier sulfate in amounts 
up to 2 mg. per rat did not appreciably influence the incorporation of radio- 
sulfate. 

The uptake of radiosulfate by the proximal end of the tibia is a straight 
line logarithmic function of the dose of growth hormone between 10 and 250 
meg. (Fig. 2). The dose of growth hormone was given in two equal injections, 
one given twenty-four hours before and the second at the time of adminstration 
of S*®. A significant augmentation of 17 and 31 per cent was obtained with 
total doses of growth hormone of 10 meg, On one occasion, 6 meg. produced 
an inerease in tibial uptake of 11.3 per cent. 
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OOSE OF GROWTH HORMONE IN MIGROGRAMS 
Fig. 2.—A comparison of the uptake of S*-sulfate of tibial epiphysis and nasal cartilage 
in hypophysectomized rats after the administration of growth hormone. The dose of growth 
hormone has been calculated from nitrogen analyses and has been plotted logarithmically on 
the abscissa. 


The uptake of S* by the eartilagenous nasal septum is also inereased by 
growth hormone (ig. 2). Two experiments are shown using different 
preparations of growth hormone. The slopes are very similar in the two 
experiments. The uptake of S* in the tibia and nasal septum is proportional 
at different dose levels. In each experimental group, those rats exhibiting 
a relatively high or low uptake in the tibia were observed to have a correspond- 
ingly high or low uptake in the nasal septum. The total activity of the nasal 
septum was found to be less than ‘one-sixth of that in the proximal end of 
the tibia. Because the total amount of cartilage in the end of the tibia was 
not determined, a comparison of the absolute ability to incorporate sulfate of 
the two specimens of cartilage cannot be made. 

When growth hormone, was administered to normal rats weighing 50 
grams, there was no increase in the uptake of radiosulfate with the doses of 10, 
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50, and 250 meg. The normal control group receiving no growth hormone 
had an uptake of radiosulfate about twice that of the hypophysectomized 
animals not receiving growth hormone. 


TABLE II, Errrecr oF THE TIME OF ADMINISTRATION OF GROWTH HORMONE ON RADIOSULFATE 
UPTAKE BY PROXIMAL END OF THE TIBIA 














TIME OF IN- 
| GH JECTION IN UPTAKE 835 
PER | NO. OF RELATION TO CARRIER NO. MEAN ¢+ S.E. 
MCG. INJEC- “ 935 NA,SO, | OF | IN UPTAKE 
GROUP DOSE TIONS (HOURS ) MG. | RATS | UNITS 
Ia Saline 4 —72 0.5 5 69 +5 
—48 
—24 
0 
b 25 4 -72 0.5 5 ied 
—A48 
—24 
0 
Cc 25 3 —48 0.5 5 93 +8 
—24 
() 
d 25 2 4; % 0.5 5 99 +11 
0 
IIa Saline 0 1.0 6 86+4 
b 25 2 —24 1.0 6 149 +11 
0 
e 50 1 —24 1.0 6 138 +4 
d 50 1 —12 1.0 6 95+4 
It a 25 3 —48 1.0 5 12047 
—24 
0 
b 25 2 —48 2.0 5 gp = 7 
24 
0 





The effect of cortisone and hydrocortisone upon the uptake of S* in the 
proximal tibia was investigated. Twenty-four normal rats were divided into 
three equal groups. The control group received saline while the experimental 
groups received two injections of 1 mg. of cortisone and hydrocortisone daily 
for four days. The mean uptake and standard error of the mean of the 
control group was 59 + 5, the cortisone group was 38 + 2, and the hydro- 
cortisone group was 42 + 3.5 units. 

Thyroxine increased the uptake of S* by the proximal end of the tibia 
(Table III). This was expected from the histologic observations of Marx, 
Simpson, and Evans,"! which showed an increase in the width of the tibial 
epiphyseal plate with thyroid feeding. In our experiments the effects of 
growth hormone and thyroxine were additive. 

Thyrotropin augmented the effeet of growth hormone in the uptake of 
Ss” by the proximal end of the tibia (Table IIT). Four hundred micrograms 
of thyrotropin alone caused little inerease in radiosulfate uptake by the 
proximal tibia. When 400 meg. of thyrotropin was given with 20 meg. of 
growth hormone, a definite increase in uptake was observed. 
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TABLE LIT. Errecr or L-THYROXINE AND THYROTROPIN ON S35 UPTAKE OF TIBIAL EPIPHYSIS IN 
HYPOPHYSECTOMIZED RATS 








UPTAKE UNITS) 





_ | NUMBER OF RATS | (MEAN + S.E.) 
Control - aaa oe ss 7 
GH 10 y x2 4 137 
L-Thyroxine 5 y x 3 6 132+7 
GH 10 y x 2 sa 
L-Thyroxine 5 y x 3 6 167 + 11 
Control 6 S043 
GH 10 y x 2 6 88 +9 (2) 
TSH 200 y x 2 6 8645 

(GH 10 y x2 : i aie 

TSH 40 y x 2 P ae 

(GH 10 y x 2 , : 

UTSH 200 y x 2 5) 145 + 10 

(GH 10 y x 2 : ee 

UTSH 1,000 y x 2 ‘ od tl. 


Injections were given daily. S*® was given with last hormone injection. Rats sacrificed 
48 hours later. 


ASSAY PROCEDURE 


The uptake of S35 sulfate by the proximal end of the tibia has been used in this 
laboratory as an assay for growth hormone activity. The conditions of assay may be out- 
lined briefly as follows: Male Sprague-Dawley rats were hypophysectomized at 21 + 2 days 
of age. After receipt from the supplier they were housed in cages with a wire screen 
bottom at 29 + 1° C. and fed a diet of Laboratory Chow and enriched white bread. On 
the morning of the twelfth postoperative day, one-half of the test dose of growth hormone 
dissolved in 0.5 ml. of saline solution was injected subcutaneously. The Laboratory Chow 
was removed from the cages at 5 p.M. of the twelfth day and not restored until the morning 
of the fourteenth day. During this period they received only bread. On the morning of the 
thirteenth postoperative day the dose of growth hormone was repeated and was followed 
by the intraperitoneal injection of 0.5 ml. of saline solution containing 400,000 CPM. of 
radioactive sulfate and 1 mg. of sodium sulfate carrier. The animals were killed with 
chloroform 48 hours later (the morning of the fifteenth day), and the uptake of $85 in the 
tibial epiphysis was determined as described above. 

In assaying unknown preparations for growth hormone we have used groups of six 
animals: one saline control group, three groups receiving graded doses of a standard 
growth hormone preparation, and two or three groups receiving graded doses of the unknown 
material, Data on the actual response to growth hormone (J21609R) in a typical assay are 
given in Table IV. Calculation of the potency of the unknown preparations has been carried 
out by standard statistical procedures.1% 


TABLE IV 














| $85 UPTAKE 











GROUP NUMBER OF RATS (UPTAKE UNITS 1 S.E.) | RANGE 
Saline control 6 84+ 6.7 (72-101) 
Growth hormone 6 99+ 6.6 (82-125) 
10 meg. 

Growth hormone 6 isy= 74 (119-167) 
50 meg. 

Growth hormone 6 174+11.1 (155-228) 


250 meg. 
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DISCUSSION 


Irom the data presented it is evident that a rapid decline in the ability 
of the tibial epiphysis to incorporate sulfate oecurs after hypophyseetomy and 
that uptake can be restored by the administration of growth hormone. The 
fact that the decline in uptake parallels a decrease in the width of the 
epiphyseal plate might suggest that the changes observed are proportional to 
the total amount of cartilage present. However, the maximal augmentation 
of uptake following growth hormone in the tibial epiphysis occurs before the 
cartilage plate has inereased to its greatest width and growth hormone in- 
creases the uptake of radiosulfate in nasal cartilage when expressed as counts 
per milligram of cartilage. It is, therefore, apparent that growth hormone 
acts to increase both the amount of cartilage and its metabolic activity, as 
measured by sulfate incorporation. 

The mechanism by which growth hormone exerts its effect on sulfate 
metabolism is obscure. The process of sulfation requires the activation of 
sulfate by ATP.1? Growth hormone may have a more or less specific effect 
on this system. 


The increased uptake of sulfate following growth hormone administration 
provides an assay of considerable promise. The technical procedures involved 
in plating and counting are few and avoid the tedious and somewhat subjective 
measurements of the width of the epiphyseal plate. The reproducibility of 
the counting method is indicated by a comparison of the uptake in the left and 
right tibias in a series of 18 rats. The mean uptake of the two sides was 
nearly identical (left 60.5 uptake units, right 60.9 uptake units). The mean 
difference between the two bones was 4.7 per cent and the maximum deviation 
was 12.6 per cent. The sensitivity of this assay is comparable to the tibial line 
method. The response is a linear function of the logarithm of the dose between 
10 and 250 meg. The index of the precision or lambda, when calculated by the 
method of Bliss,’* was found to be 0.37 in an assay comparing two different 
growth hormone samples. It is likely that with further experience some of 
the factors contributing variability will be eliminated. 

Like other indices of growth hormone action, the response reported here 
is not completely specific. The most serious interference occurs with thyro- 
tropin. With the short period of administration the small quantities of 
thyrotropin in most biologie fluids probably interfere with the assay of growth 
hormone very little. The inhibitory effect of cortisone and hydrocortisone 
in normal rats was elicited with large doses. The brief action of ACTH when 
administered by parenteral routes probably prevents serious interference by 
activation of the adrenal. 


SUMMARY 


The ability of the tibial epiphyseal cartilage to incorporate S**-labeled 
sulfate falls after hypophysectomy. Growth hormone stimulates the uptake 
of sulfate in both epiphyseal and nasal cartilage. The response of the tibia! 
epiphysis is proportional to the logarithm of the total dose of growth hormone 
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between 10 and 250 mee. given during the twenty-four hours prior to the 
administration of the labeled sulfate. The effeet of growth hormone on sulfate 
uptake can be used as an assay procedure for growth hormone. 

This action of growth hormone on increasing sulfate uptake is not entirely 
specific. Thyroxine increased the incorporation of sulfate, and thyrotropin 
augmented the action of growth hormone in these experiments. Cortisone and 
hydrocortisone inhibited the uptake of sulfate by normal rats. 
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“ALARM REACTION’? AND NORMAL BLOOD PICTURE IN 
MACACA MULATTA 


MARGARET IvEs, Pu.D., AND Gam M. Dack, PH.D., M.D. 
CuHicaco, IL. 


Ht paucity of information concerning the growth rates and blood pictures 

of normal Macaca mulatta kept under laboratory conditions is surprising 
in view of the wide usage of these animals in medical investigations. Much of 
the data in the literature is concerned with studies carried out for short 
intervals of time with a rapid turnover of animals. In our studies a sig- 
nificant decrease occurred in the white blood cell count following the daily 
handling of the animals over a period of months. 

The purpose of this paper is to present data, which have been statistically 
studied, on the blood picture and growth rates of young monkeys maintained 
in the laboratory for one year and to offer an explanation for the ‘‘ Alarm 
Reaction,’’ which appears to affect the white blood cell counts during the 
arly portion of the experiment. 


EXPERIMENTAL PROCEDURE 


Handling of Monkeys.—Thirty-six young male and female monkeys, ranging in weight 
from 1,900 to 2,900 grams were brought into the colony from a conditioning farm in South 
Carolina. The animals appeared to be in good health and gave negative tuberculin tests on 
entrance and in all subsequent tests. The stock ration consisted of one-half an orange, three 
slices of whole wheat bread soaked in whole milk, and kibbled dog food ad libitum. The 
orange guice, bread, and milk were fed in the morning. Dog food was kept in the cages in 
the afternoon and night, in sufficient amounts so that unconsumed food was always found 
the next morning. All animals were fed 0.5 Gm. of 1:20 dried liver powder in 30 ml. of 
water weekly by stomach tube, and 1 ml. of cod-liver oil per monkey was added daily to the 
milk, 

Shortly after admission to the colony, several animals developed a diarrhea and loss 
of appetite. This was brought under control by injecting 0.5 ml. of eskadiazine into the 
half orange every morning. This condition lasted about three weeks, after which all animals 
recovered completely. No other illnesses occurred during the 16 months the animals were 
in the colony. The animals were conditioned in the laboratory for four months before the 
feeding program started and before the tests reported in this paper were started. 

Since the experimental program required daily feeding by stomach tube of experi- 
mental food supplements ranging from 20 to 150 ml. in volume, a new type of restraining 
box was designed which reduced the danger of inadvertent intubation of the trachea, hazards 
of bites to personnel, and the labor and time required to feed. Three experienced technicians 
fed 36 monkeys in 45 to 50 minutes with this equipment (Fig. 1). The box was also used 
when blood samples were taken from the ear, tuberculin tests performed on the eyelid or 
examinations made of the gingival tissue and teeth. 
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Fig. 1—Monkey in restraining box. 
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Fig. 2.—Restraining box in upright position with door open showing padding on chest plate 
and door. 
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The complete device consists of a 17-inch cubic plywood box with a door at the back. 
The box is hinged at its forward lower edge to a 21 x 36 inch table top as shown in Fig. 2. 
The box contains an adjustable chest plate (4) mounted 5%4 inches in front of and parallel 
to the door. The chest plate is padded with 144 inch thick foam rubber and covered with 
a heavy plastic film. It is capable of being adjusted as the growth of the animal requires. 
The effective bottom of the box is an adjustable shelf (B) upon which the animal perches; 
it is set according to trunk length. In the top of the box (C) there is a 2%4 inch diameter 
circular neck opening centered approximately 3 inches from the rear of the box. The back 
half of this opening consists of a concave segment (D) shaped to the curvature of the 
opening and attached to the door (FE). Below this segment and also fastened to the door is 
another plastic-film-covered foam rubber pad (F) similar and opposed to that on the chest 
plate. At the bottom of the door there is an elongated opening with a rounded top (G@), 
sufficiently large for a hand to hold the animal’s legs when the door is closed and the animal 
is perched on the shelf. The box as a whole is hinged at its forward bottom edge to the 
middle of the supporting table surface (H). The box is constructed of 7 ply, *4 inch 
plywood. It is painted with enamel and coated with a vinyl-resin-base top coat to permit 
easy cleaning. The hinges on the door and at the back of the box are of the piano type. 

Blood Studies.—Blood was removed from the ear for hemoglobin, red and white blood 
cell, and differential white cell counts every three months. The hemoglobin was determined 
according to the cyanmethemoglobin method of Turner,? while the other procedures were 
those currently used in clinical laboratories. The values reported here are those obtained 
during the 12-month test. 

Statistical Analyses.—The data on body weight, red blood cell count, white blood cell 
count, neutrophils, lymphocytes, monocytes, eosinophils, and hemoglobin at the 12-month 
examination were subjected to two-way analysis of variance to determine whether a difference 
could be detected between male and female monkeys or between monkeys fed different diet 
supplements. 

In no case except body weights was any significant difference uncovered between male 
and female monkeys so that the complete data on each of the seven blood measurements 
could be subjected to a partial three-factor analysis to study the effects of dietary supple- 
ments, examination periods, their interaction, and the difference between monkeys within lots. 

The standard errors of the mean presented in Table I were calculated from the data 
from thirty-six monkeys. 

The true average value will be within a range of 2.0 standard errors on each side of 
the experimental average 95 per cent of the time. 


Body Weight—It is difficult to determine the age of imported Rhesus 
monkeys, but the body weight may give some indication. According to Schultz,° 
the average body weight of eight 33-month-old animals is 2,932 grams, while 
the average weight of four 44-month-old animals is 4,280 grams, but at all 
ages the body weight varies greatly; among 17 fully grown, nonpregnant 
females the optimum weight varied from 4,370 to 10,310 grams. 

The average body weights of 18 males and 18 females are shown in Table 
[ with the standard error of the mean. The average body weight at the 
beginning of the 12-month test period was approximately 2,860 grams, while 
the males averaged 5,100 grams and females 4,600 grams at the end of the 
test period. The differences between the final weights of the monkeys at the 
end of the 12-month period and the data presented by Schultz may be due 
to stock diets. 

By the end of the 12-month feeding period, a statistical difference in the 
weights of the males and females was evident, although there was no such 
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TABLE I. Bopy WerIGHT AND BLoop PicruRE OF 36 NorMAL RHESUS MONKEYS 


MONTHS ON TEST 














| 0 3 | 6 9 | 12 

Body Weight (Gm.) 

Males 2,903 + 66 3,485 +71 3,957 + 94 4,557 + 152 5,135 + 196 

Females 2,819 + 25 3,388 + 87 3,894 + 134 4,276 +174 4,554 + 162 
ITemoglobin 

(Gm./100 ml.) 13.438+0.18 11.58+0.16 12.36+1.015* 11.94+0.15 10.808 + 0.567* 
Red Blood Cell Count 

(c.mm. ) 4,320,000 3,960,000 3,940,000 4,250,000 3,740,000 

+191,000 +205,000 +200,000 +245 ,000 +245,000 

White Blood Cell Count 

(¢.mm.) 15,822 +846 8,061+216 8,439 + 239 9,605 + 266 8,680 + 207 
Differential Count (%) 
Neutrophils 2841.5 5471.6 42+1.0 4741.2 4241.5 
Lymphocytes 64+ 1.5 42+1.4 56 + 0.9 5221.1 56 + 1.5 
Monoeytes 3.0 + 0.5 2.0 + 0.3 0.8 + 0.2 0.6+0.1 0.5 + 0.1 
Eosinophils 2.9 + 0.4 14+0.3 1.3202 03'+03 1.6+0.5 








Average values and standard error ‘of the mean. 

*A significant difference was found between lot averages at this examination; hence a 
larger standard error of the mean. 
difference between animals receiving different food supplements. According 
to Schultz, a sexual difference in body weight develops comparatively late 
in life and is not apparent during the first four years. From these comparisons, 
it would appear that these monkeys were over four years of age at the end 
of the test period. 

Hemoglobin.—Analysis of variance demonstrated that there were no 
differences among all the data for the 36 monkeys, but an analysis of variance 
on all data for 0, 3, 6, 9, and 12 months’ examination demonstrated that there 
was a difference between certain diet supplements at certain examinations as 
well as a difference due to the period. Since these periods are merely indi- 
cations of time, it would appear that hemoglobin values in a young monkey 
do change with age. Additional analysis of variance tests showed that these 
differences due to diet supplements occurred at the sixth- and twelfth-month 
examinations. In Table I, the data for the hemoglobin values with standard 
error are shown for 36 monkeys. 

A significant difference was found between average hemoglobin values of 
monkeys on the six diet supplements at the six- and twelve-month examination 
periods. 

The estimate of the standard error of the combined averages of the six 
diet supplements therefore is greater as it includes a ‘‘between diet supple- 
ment component of variance.’’ 

The hemoglobin value was higher at the beginning of the test but reached 
a plateau on the third month, from which time very little variation occurred. 
These data agree with those presented by Albritton,’ who tabulated a mean 
value of 12.6 Gm. per 100 ml. with a range of 10 to 16 Gm. per 100 ml. This 
range was calculated statistically to include 95 per cent of all values. No 
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indication of age or weight of these animals was presented, and data on red 
hlood cell, white blood cell, and differential counts for monkeys were not 
tabulated. 


Red Blood Count.—Analysis of variance tests of the entire data showed 
that there was no difference among the 36 monkeys in red blood cell count due 
to sex or dietary supplements, but it was apparent that period or age had an 
effect on the count. The average counts and standard error of the mean 
are shown in Table I. There appears to be little difference between the counts 
until the final examination at 12 months, when a significant decrease occurred. 
While no differences in counts due to sex were found on statistical analysis, it 
was true that the majority of the female monkeys were reaching sexual ma- 
turity during the last three months of the experimental period, and it is 
possible that this lowered value may be an indication of the beginning of 
sex differences in the red blood counts for the mature animals. 

White Blood Counts.—As in the previous determinations there was no 
significant difference in the white blood cell counts between the males and the 
females. Three-way analysis of variance, however, confirmed that there was 
a great difference among the values in successive examinations which was 
not the same for each diet supplement. Inspection of the data in Table I 
shows that the white blood cell counts were quite high at the initial examination 
and fell to consistent values at the three-month examination and for the rest of 
the experimental period. The variation among experimental lots also oceurred 
during the initial examination where there was a lower value for this count 
in one diet supplement lot than the others, but this value was considerably 
higher than the subsequent counts at succeeding months. 

This decrease in white cell counts may demonstrate the lessening of the 
‘alarm reaction’’ in the animals as they become used to being handled. Garrey 
and Bryan* showed that trained athletes had practically no leukocytosis or 
lvmphoeytosis after a 200 meters run. Farris? found that the emotional states 
of athletes before an intercollegiate game produced a relative lymphocytosis ; 
but those individuals who were experienced in competitions of more than one 
season showed little precontest lymphocytosis, In individual sports events 
versus team sports events, the lymphoeytos:s of the individual increased during 
the event. It appeared that a greater anxiety existed during the entire indi- 
vidual event than during the team event. Milhorat and co-workers‘ studied 
the white cell counts during various emotional states. In studying mental 
patients they learned that emotional reactions associated with leukocytosis 
were fear, panie reaction, depression with anxiety, subacute and_ persistent 
anxiety states, and persistent intense resentment and excitement, which were 
characterized by overactivity with fear and anxiety or with elation and anger. 
Sturgis and Bethell® found that rabbits may consistently show a leukopenia 
occurring during excitement, whereas cats under the same stimulus show a 
leukoeytosis. They also state that in any individual there are at least two 
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variables which are responsible for changes in the white blood cell counts of 
circulating blood: (1) a reserve supply of neutrophils in the inactive capillaries 
of the body, and (2) a segregation of lymphocytes in the lymphatic system. 
Both types of cells may be swept into the circulation by exercise, but the type 
and amount of the cells depend on the individual. 

By the use of the restraining box, it was possible to hold the monkey 
in a relatively immobile position by foam-rubber pads without the use of 
leather straps or human hands. Wild animals instinctively distrust restraint 
by human beings and struggle vigorously, but within a few weeks after daily 
use of the box, the animals sat quietly waiting for the intubation or blood 
collection from the ear. This contributed to the decrease in white blood count. 
The high white blood counts from monkeys in the literature are probably 
due to this ‘‘alarm reaction.’’ 

Differential Blood Count.—The average percentage counts for the four 
main types of white blood cells are listed in Table I with the standard error 
of the mean. It may be noted that a lymphocytosis occurred when the white 
blood cell count was high at the initial examination and the analysis of variance 
test showed that in the case of the monocytes a difference in period values 
occurred which confirmed earlier conclusions concerning these higher initial 
values. The eosinophil count was the only determination made where three 
monkeys had much higher counts than the rest of the colony. No explanation 
for these higher counts could be found. 

At the end of the twelve-month experimental period, all monkeys were 
autopsied and histologic examinations made on the following organs: thyroid, 
heart, lungs, liver, gall bladder, spleen, kidneys, supra renals, pancreas, lymph 
nodes, stomach, small intestine, large intestine, urinary bladder, gonads, skin, 
and bone. All tissues so examined were normal, substantiating the earlier 
impressions that this was a colony of 36 normal monkeys, 


SUMMARY AND CONCLUSIONS 


Thirty-six normal monkeys of both sexes were maintained in a laboratory 
colony for one year in excellent health. Body weights, hemoglobin, red and 
white blood eell counts, and differential white cell counts with the standard 
error of the mean are reported for these monkeys. All data have been tested 
statistically and no differences were found among individual animals, lots or 
sexes which would obseure the accuracy of these figures. An explanation 
of the effect of the ‘‘alarm reaction’’ due to handling on the white blood eount 
is also given. 

We wish to express our appreciation to H. N. Blakeslee and G. B. Pratt of the Research 
Division, American Can Company, for the design of the monkey restraining box and for 
advice on statistical procedures. 
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LIPOPROTEIN RECOVERY FOLLOWING ULTRACENTRIFUGAL 
FRACTIONATION AT SOLVENT DENSITY 1.21 AS DETERMINED 
BY CHOLESTEROL AND LIPID PHOSPHORUS ANALYSES OF 
SUPERNATANT AND BOTTOM FRACTIONS. 


Roper’ H. FurMAN, M.D., LEONARD N. Norcia, Pu.D., ALICE W. Fryer, B.S., 
AND Berry S. WAMACK, B.S. 
OKLAHOMA City, OKLA. 


OST, if not all, of the cholesterol and phospholipids of the serum in humans 
and in a number of other mammals are combined with protein as lipo- 

protein.' Cohn fractionation methods? permit recovery of all of these plasma 
lipids from the several protein fractions. Russ, Eder, and Barr* recovered 96 
to 98 per cent of the total cholesterol of whole plasma from Cohn Fractions 
[IV + V+ VI (alpha lipoprotein) and I + III (beta lipoprotein) in a group of 
normal men and women. 

In 1951, Green, Lewis, and Page* reported ultracentrifugal fractionation of 
‘“‘alpha’’ and ‘‘beta’’ lipoproteins from human sera, after adjusting the serum 
density to 1.21 Gm. per milliliter by the addition of sodium chloride and potas- 
sium bromide. Studies (utilizing conventional blood lipid analytie techniques ) 
of the cholesterol and phospholipid content of the top and bottom fractions 
after centrifugation, as an index of the completeness of Hpoprotein separation 
by this technique, are reported here. 


SUBJECTS AND METHODS 


A total of 135 sera were studied as follows: (1) normal men: 16 subjects, 26 samples; 
(IL) eunuchs: 28 subjects, 46 samples; (111) primary (xanthomatous) biliary cirrhosis: 
26-year-old female patient, 63 samples. Eunuchs have a relatively and, often, absolutely 
higher serum alpha-1 lipoprotein fraction than noncastrates,> while biliary cirrhosis is charac 
terized by markedly reduced or absent alpha-1 lipoprotein fractions.6 The young woman 
with primary biliary cirrhosis mentioned in this study was hospitalized over a two-year period, 
during which time various therapeutic regimens designed to lower serum cholesterol levels were 
evaluated. Although considerable variation in the serum cholesterol and lipid phosphorus 
concentrations occurred, only during a period of intensive ACTH therapy were traces of 
alpha-1 lipoprotein detected by analytic ultracentrifugation. These sera were exeluded from 
this study. 

Alpha-1 lipoprotein undergoes flotation least rapidly of the serum lipoproteins (hydrated 
density approximately 1.145 Gm. per milliliter), and evidence of incomplete lipoprotein flota- 
tion might be anticipated in those sera containing larger amounts of this lipoprotein. The 


opposite might be expected of serum in biliary obstruction. 


From the Cardiovascular Section, Oklahoma Medical Research Institute and Departments 
of Medicine and Biochemistry, University of Oklahoma School of Medicine, Oklahoma City, 
Okla, 

This study was supported in part by the National Heart Institute. United States Public 
Health Service (H-1429 and H-1694), the Smith, Kline and French Foundation and the Oklahoma 
State Heart Association. 

Received for publication Sept. 28, 1955, 
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Blood was obtained from subjects in the postabsorptive state and allowed to clot for 
approximately one-half hour at room temperature. Serum was removed after centrifugation 
of the clot in the usual manner. To 5 ml. of serum in a lusteroid centrifuge tube were 
added 3 ml. of 23.2 per cent NaCl and 2.0 Gm. KBr. After the sealing and checking for 
leaks, the tube was shaken until the KBr dissolved. The sample was then centrifuged 13 
hours at 30,000 r.p.m. in a 30.2 rotor* at 17° C. (average centrifugal force: 79,420 x gravity). 
The centrifuge was stopped without braking and the supernatant (top 1.0 mf. in most in- 
stances) carefully removed with use of suction and a long-bevel-end polyethylene tube. Occa- 
sionally less than 5 ml. of serum was utilized for preparative centrifugation. This was 
necessary only with the markedly hypercholesteremic (up to 1,400 mg. per cent) sera in 
biliary cirrhosis. When less than 5 ml. of serum were utilized, the preparative sample was 
made up to volume (8.6 ml.) by the addition of 0.9 per cent NaCl in distilled water. 

Density determinations of the clear infranatant after preparative centrifugation re- 
vealed a value of 1.23 Gm. per milliliter consistently. 

While storage of the lipoprotein-rich top fraction for more than one week at 4° C. 
in rubber-stoppered tubes results, in our experience, in significant alteration of the lipid- 
protein association, as determined by subsequent analytic ultracentrifugation, the storage 
interval did not appear to influence significantly cholesterol or lipid phosphorus recovery from 
either the top or bottom fraction. Analysis of the top fraction for cholesterol and lipid 
phosphorus was usually completed within one week of preparative centrifugation. 

Total and unesterified cholesterol were determined essentially by the method of Sperry 
and Webb? and lipid phosphorus by a modification’ of the method of Youngburg.® 


RESULTS 


Table I contains the mean lipid values for whole serum and the per cent 
recovery from the top and bottom fractions, together with standard deviations. 
Recovery was calculated from the product of the lipid concentration and volume 
of the top and bottom fraction in each instance. 


TABLE I. Lipip RECOVERY FROM SUPERNATANT AND BoTToM FRACTIONS FOLLOWING ULTRA- 
CENTRIFUGATION AT DENSITY 1.21 GM./ML.; MEAN VALUES AND STANDARD DEVIATIONS 
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*The criterion of petroleum ether solubility was not applied to this ‘‘lipid’’ phosphorus. 
See text for details. 
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DISCUSSION 





During the course of this study Hack?? reported that about 10 per cent of 
the phosphorus in Bloor (ethanol-ether) extracts of human sera was insoluble 
in petroleum ether and, hence, presumably not lipid. We accordingly studied 
for ‘‘lipid’’ phosphorus additional infranatant fractions from ten randomly 
selected subjects, utilizing the conventional method previously employed, and, 
in addition, a method involving quantitative, liquid-liquid re-extraction of ali- 
quots of the ethanol-ether extract with petroleum ether, scrubbing of the petro- 
leum ether extract with distilled water, and determination of the phosphorus 
in the petroleum ether extract. The petroleum ether-soluble phosphorus of these 
aliquots averaged only 5.5 per cent of that present in the ethanol-cther extracts. 
This is in agreement with the findings of Havel and associates,'? who reported 
that the ethanol-acetone soluble phosphorus in 1.21 infranates was completely 
water soluble and insoluble in petroleum ether. 

It is clear that ethanol-ether extraction alone is completely inadequate for 
the determination of lipid phosphorus in infranatant fractions. 

It is of interest to note that virtually no phosphorus was found in the eth- 
anol-ether extract of the infranatants of the sera from the patient with biliary 
cirrhosis, in spite of very high levels of ‘‘lipid phosphorus’’ in native serum, 
and in spite of the failure to recover any greater percentage of whole serum 
lipid phosphorus in the supernatant fractions from this subject than from 
either Group I or II subjects. We have no explanation for this finding. 

Similar proportions of the total serum cholesterol and phospholipid were 
recovered from the supernatants of Groups I and II. Since the subjects in 
Groups I and II were not matched with respect to age or body build, no eon- 
clusions are justified concerning the differences between the mean values of 
the serum lipids. 

Significantly less cholesterol (relatively and absolutely) was recovered 
from the bottom fraction in Group IIT (biliary cirrhosis) than was the experience 
in Groups I and II. Since each of the 63 specimens studied was also subjected 
to analytic ultracentrifugation and alpha-1 lipoprotein was noted to be totally 
lacking, one might assume that the subnatant lipid resulted from inadvertent 
mixing during removal of the top fraction. In Group III the total lipid re- 
eovery was significantly less than for Groups I and II. We ean offer no ex- 
planation for this observation at this time. Recovery of cholesterol from Cohn 
Fractions I + IIT (beta lipoproteins) and IV + V + VI (alpha lipoproteins) in 
three women with biliary obstruction studied by Barr and associates! equalled 
94, 94, and 78 per cent, respectively, of the native serum cholesterol concen- 
trations. 

Lipid recovery from serum lipoprotein fractions separated by preparative 
centrifugation at solvent density 1.21 has been reported recently by Havel and 
eo-workers.’? In the 1.21 infranatant prepared from sera from six young adults, 
these authors found less than 3 mg. cholesterol per 100 ml. native serum, while 
the ‘‘phospholipids’’ ranged between 15 to 27 mg. per cent of whole serum. 
These may be compared with values of 5 mg. per cent for cholesterol and 20 mg. 
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per cent for “phospholipids’’ in our laboratory. Havel’s techniques differed in 
that the Spinco 40 rotor was used, and centrifugation at 105,000 x gravity for 
20 to 22 hours was carried out. A tube slicer was also employed. Total recovery 
of lipids after ultracentrifugation was near-perfect with their techniques, which 
also included ethanol-acetone extraction. 


SUMMARY AND CONCLUSIONS 


1. Human sera were subjected to preparative ultracentrifugation at 79,420 
‘ gravity, utilizing a solvent density of 1.21, and the supernatant and infrana- 
tant fractions were analyzed for cholesterol and ‘‘lipid phosphorus,’’ with the 
utilization of conventional methods for the determination of serum cholesterol 
and phospholipid. 

2. The infranatant cholesterol in a group of normal and castrate men ac- 
counted for less than 3 per cent of the total cholesterol of native serum. 

3. In a study of 63 serum samples in a female subject with primary 
(xanthomatous) biliary cirrhosis, infranatant cholesterol accounted for no more 
than 0.3 per cent of the total serum cholesterol. 

4. In the normal and castrate males, supernatant cholesterol averaged 90 
per cent or better of the whole serum cholesterol concentration. 

5. The cholesterol recovery in the supernatant fractions of the sera from 
the patient with biliary cirrhosis was only 82 per cent of the whole serum 
cholesterol concentration. 

6. Approximately 81 per cent of the native serum ethanol-ether soluble 
lipid phosphorus was recovered from the supernatant fractions of the sera from 
normal male and castrate male subjects and of the patient with primary biliary 
cirrhosis. 

7. In the normal male and castrate male subjects approximately 8 per cent 
of the whole serum lipid phosphorus was found in the infranatant, but almost 
none of this “‘lipid phosphorus’’ was soluble in petroleum ether. This makes 
it unlikely that this is lipid phosphorus. 

8. It is clear that methods currently employed for lipid analysis of whole 
serum are not directly applicable to supernatant and infranatant fractions ob- 
tained after centrifugation utilizing high salt concentrations to bring the sol- 
vent density to 1.21. 

We wish to acknowledge with thanks the technical assistance provided by Miss Emma 
Lou MeDearmon and Mrs. Joanna Peter. 
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PROLONGED INTRAHEPATIC OBSTRUCTIVE JAUNDICE INDUCED 
BY PARA-AMINOBENZYL CAFFEINE HYDROCHLORIDE: AN 
EXPERIMENTAL ANTIHYPERTENSIVE AGENT 
FRANCIS J. Borges, M.D., SAMUEL T. R. REVELL, JR., M.D., 

AND WILLIAM Epwarp O’MALLEY, PH.D. 

BaAvLtrmMoreE, Mp. 


INTRODUCTION 
NEW eaffeine derivative, 8-para-aminobenzyl caffeine hydrochloride,* has 
been recently shown to exert an appreciable hypotensive effect in the 
laboratory. The structural formula of this compound is shown in Fig. 1. 


CH; -N a Cc=0 
| CH; 


0=¢ C 
| ll c-CHe —NH,-HCI 


CH,-N—C-N* 


8-(PARA- AMINOBENZYL) CAFFEINE HYDROCHLORIDE 


Pigs: 1. 


Previous studies of the acute pharmacologic effects’ in the rat revealed the 
24-hour oral LD; dose to be 385 mg. per kilogram and the 24-hour intraperitoneal 
LD; dose to be 210 mg. per kilogram. The intravenous lethal dose was approxi- 
mately 200 mg. per kilogram. Intraintestinal administration of para-amino- 
benzyl caffeine hydrochloride to 40 dogs at a level of 20 mg. per kilogram re- 
sulted in a blood pressure fall of 35 to 40 per cent. Chronic feeding experiments 
in rats over a 7-month period at dosage levels of 0.1 per cent and 1.0 per cent of 
their diets showed no displacement of the growth curve or alteration in the 
hemogram, blood urea, or blood sugar. Pathologic examination of the rats 
revealed no evidence of gross or microscopic lesions ascribable to the drug. In- 
travenous and oral feedings in dogs over a 5-week period produced no pathologie 
changes. 

Because of the hypotensive effect obtained with para-aminobenzy1! caffeine 
hydrochloride in the experimental animal, a clinical trial was undertaken. The 
purpose of this paper is to report the mild hypotensive effect of 8-para-amino- 
benzyl eaffeine hydrochloride and to call attention to its hepato-toxie properties. 


From the Division of Hypertension, Department of Medicine and Department of Pharma- 
cology, School of Medicine, University of Maryland, Baltimore, Maryland. 

Received for publication Oct. 17, 1955. 

*8-para-aminobenzyl caffeine hydrochloride was supplied by M. M. Holbert, Ph.D., of the 
Chattanooga Medicine Co., Chattanooga, Tenn, 
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CLINICAL APPRAISAL 


Three severely hypertensive patients were given para-aminobenzyl caffeine hydrochloride 
(PABC) by intravenous titration followed by oral administration of the drug. One of these 


patients received 46.5 mg. per kilogram as a 0.5 per cent solution intravenously, resulting in 
a reduction of his blood pressure from a base line of 220/130 mm. Hg to a mean of 170/70 
mm. Hg. No adverse reaction to the intravenous titration was observed. Oral doses of 
para-aminobenzyl caffeine hydrochloride up to 1.2 Gm. every four hours produced no 
significant hypotensive effect and doses of 1.6 Gm. every four hours caused anorexia, hot 
flushes, and nasal stuffiness associated with very mild hypotensive effect. The two addi- 
tional patients are reported in detail because of the toxicity encountered. 


Case 1—J. C. (Table I), a 41-year-old Negro man, a known hypertensive of 4 years’ 
duration, was admitted on Nov. 4, 1954, because of convulsive seizures. The average blood 
pressure on bed rest was 237/144, ranging from 210/130 to 260/150 mm. Hg. On Noy. 11, 
1954, 3,600 mg. (52 mg. per kilogram) of a 2 per cent solution of PABC was given intra- 
venously resulting in a gradual lowering of the blood pressure from 230/132 to 180/100 
and a pulse rate from 90 to 120 per minute. During the titration, the patient developed 
hiccoughs, mild injection of the conjunctiva, and subjective symptoms of stuffy nose, 
objects assuming a reddish cast, and burning pain at the site of injection with resultant 
phlebitis lasting 4 days. For 12 days following I.V. titration, PABC was administered 
orally on a 4-hour schedule. The dose was gradually increased from 3.6 Gm. to 8.56 Gm. 
per day for a total of 74 Gm. Although the blood pressure was lowered to a mean of 
170/110, there were subjective complaints of palpitation, hot flushes, nervousness, and at 
the higher doses, nausea and vomiting. During this period the hemoglobin fell from 14.0 
to 9.9 Gm. Upon completion of the clinical trial of PABC, he received no therapy for 4 
days, during which time his blood pressure returned to a mean of 210/120. 

In order that a comparison might be made between the antihypertensive effect of 
PABC with other agents, he was given pentapyrrolidinium bitartrate (Ansolysen) orally, 
40 mg. b.d. for 4 days, which resulted in a mean pressure of 170/110 sitting and 130/119 
standing. Combined therapy of protoveratrine (Veralba), 1.0 mg. every 6 hours, and 
reserpine (Serpasil), 1.0 mg. daily over a 12-day period, resulted in a mean blood pressure 
of 160/104. 

Nineteen days after his intravenous titration and 7 days after stoppage of oral 
PABC therapy, jaundice occurred. The pertinent laboratory abnormalities noted during 
the 77 days of jaundice are incorporated in Table I. The clinical features of this complica- 
tion consisted of a slight hepatomegaly-and mild anorexia. At the onset of his jaundice 
a generalized papillary urticarial eruption occurred, followed by exfoliation that lasted for 
20 days. During the first month of jaundice there was a mild macrocytiec normochromic 
anemia associated with a reticulocytosis of 10 per cent. Throughout his illness the patient 
did not appear ill and there was no significant disturbance of his serum proteins, pro- 
thrombin time, blood sugar, white blood count, platelet count, or the bleeding and clotting 
time. Inadvertently the patient received 25 mg. of methyl testosterone daily from the 
tenth to the thirteenth, and from the thirtieth to the thirty-fifth day of jaundice. At the 
time of his last clinic visit, 90 days after the onset of icterus, the patient was asymp- 
tomatie. All of his liver function tests had returned to normal, except for the alkaline 
phosphatase which was still elevated to 16.4 units. 


CasE 2.—W. McC. (Table IT), a 46-year-old Negro man, a known hypertensive of 13 
years’ duration, was admitted Sept. 10, 1954, because of mild congestive failure. His 
Management consisted of routine therapy for congestive heart failure and protoveratrine 
(Veralba). Under this regime his congestive failure cleared and his blood pressure was 
reduced to a mean of 180/110 mm. Hg. The patient left the hospital against advice on 
his eleventh hospital day. He was readmitted on Oct. 18, 1954, because of motor aphasia, 
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vertigo, and pyramidal tract signs in right upper and lower extremities. During the next 
10 days the average blood pressure was 228/140, his aphasia cleared, and he improved, 
except for mental dullness. 

On October 28, 1954, 800 mg. of a 2 per cent solution of PABC was administered 
intravenously in 22 minutes without blood pressure response or adverse reaction. On Nov. 
3, 1954, 4,000 mg. (67.7 mg. per kilogram) of a 2 per cent solution of PABC was given 
intravenously in 1 hour, 28 minutes. This resulted in a lowering of his mean blood pressure 
from 210/120 to 180/120. The only symptom was pain at the site of injection with result- 
ing phlebitis lasting for one week. 

For 12 days following the second intravenous titration, he received PABC orally on a 
4-hour schedule. The dose was gradually increased from 2.4 Gm. to 6.0 Gm. per day for 
a total of 51.6 Gm. The average blood pressure during this period was 185/124. Nasal 
stuffiness was intermittent at all dose levels, and hot flushes, anorexia, nausea, and vomit- 
ing occurred with levels of 4.8 Gm. per day. 

Following clinical trial of PABC, the patient was placed on protoveratrine (Veralba) 
2.0 mg. per day and reserpine (Serpasil) 1.0 mg. per day, which resulted in average blood 
pressures of 160/110. 

Twenty-four days after the first intravenous titration and 5 days after the dis- 
continuing PABC therapy, the patient developed jaundice. The significant laboratory 
abnormalities observed are incorporated in Table II. The clinical course was character- 
ized by anorexia, lethargy, moderately profound weakness, and exfoliative dermatitis 
lasting 22 days. Punch liver biopsies on the eighth and twenty-first days of jaundice re- 
vealed preservation of the general architecture, increased deposition of bile pigment about 
the central vein areas, dilatation of bile canaliculi and pigment-laden histiocytes in the 
sinusoids about the central veins. There was no massive necrosis, scarring, or inflammatory 
cellular infiltration. During the first 45 days of jaundice a moderate normocytic anemia 
developed, which was corrected by transfusions of whole blood. Inadvertently he was 
given 25 mg. of methyl testosterone daily from the twenty-first to the twenty-eighth days 
and from the thirty-first to the thirty-sixth days of jaundice. Fifty-five days after the onset 
of ieterus, he developed generalized abdominal pain associated with frequent normal stools, 
while at home on leave of absence. On his return to the hospital 3 days later, he was 
found to be acutely ill with fever, mental confusion, signs of peritoneal irritation, a tender 
palpable mass in the right lower quadrant, and a leukocytosis of 25,000. He was given 
general supportive therapy and achromycin. Sixty-four days after onset of icterus he 
began passing tarry stools which persisted until his death in spite of multiple transfusions. 
Terminally there was marked elevation of serum phosphorus to 13.1 mg. per cent. The 
serum calcium, sodium, potassium, and chlorides were normal and there was no disturbance 
of prothrombin time or depression of platelets. 

Necropsy revealed marked icterus of all tissues of the body. 

Heart: The left ventricular myocardium averaged 3 cm. in thickness; the right 
averaged 0.5 em. in thickness. The base of the aorta presented moderate atherosclerotic 
changes. Microscopic examination of the epicardium revealed a fibrinous pericarditis. 
The musele fibers were increased in diameter, and there was moderate interstitial fibrosis. 

Liver and Gall Bladder: The liver weighed 1,400 grams. It was greenish-gray in color 
and moderately firm to palpation. Cut section presented a diffuse yellowish-green stain. The 
gall bladder was distended by approximately 20 ml. of yellowish-green viscid bile. The serosa 
was smooth; the mucosa was velvety; the cystic duct was patent. There was no evidence 
of biliary ealeuli. Microscopic examination: The cords of hepatic cells showed minor 
autolytie changes. There was no distortion of the hepatic lobular architecture. The portal 
areas were infiltrated sparsely by lymphocytes, but there was no evidence of cirrhosis or 
active inflammation. The hepatic cells in the peripheral and midzones were preserved, but 
those immediately around the central veins were stippled by bile pigment. Occasional 
canaliculi were seen which were obstructed by inspissated bile. Cells showing microscopic 
evidence of degeneration or necrosis were rare. The sinusoids were slightly engorged in 
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the central areas but were of normal caliber. In the midzones and peripheral portions of 
the lobules, numerous Kupffer cells containing bile were observed. The findings were felt 
to be indicative of bile stasis and not hepatic cell necrosis. 


Intestines: In the ascending colon there was a large ulcer in the mucosa which measured 
4 cm. in diameter with involvement of the muscularis and thickening of the adjacent 
mesentery. Microscopic examination: The mucosa of the intestine in the area of the 
ulcer was eroded and lined with granular tissue. The ulcer was seen to involve the sub- 
mucosa and muscularis. 

Kidneys: There was poor differentiation between the cortex and medulla and the 
medullary striae were found to be markedly congested with greenish bile. Microscopic 
examination: The proximal and distal tubules had undergone varying degrees of degenera 
tion and some of the tubules were plugged with masses of brown amorphous material. 
The glomerular tufts showed some thickening of Bowman’s capsule. Many of the renal 
arterioles showed marked arteriolar sclerosis with thickened walls and pin-point lumen. 
There was marked diffuse interstitial fibrosis. 


DISCUSSION 


Recently in the literature there have appeared several reports of pro- 
tracted jaundice due to methyl testosterone where the pathologic lesion is 
characterized by stasis in the bile capillaries of the central portion of the liver 
lobule with mild derangement of the contiguous cells and little or no cellular 
damage in the central zone. Similar changes have been reported as occurring 
in the liver following the administration of thiouracil,? methimozole (Tapa- 
zole),’° and chlorpromazine (Thorazine).?° 

The histologic appearance of the liver as seen in Case 2 was first deseribed 
by Werner, Hanger, and Kritzler.t. These investigators noted that the lesions 
were confined to the central zone of the liver lobules. The mechanism for the 
production of this type of liver damage remains obscure. Almaden and Ross' 
reviewed the various hypotheses regarding the pathogenesis of the liver 
damage and felt that the most tenable explanation was that of Werner and 
Hanger, who postulated that there is a disturbance of normal hydration of 
bile which becomes too viscid to flow through the intralobular ducts. Recent 
communication with Hanger reaffirms this thought. 

It is interesting that the histologic lesions produced in the liver by the 
structurally related compound para-aminobenzoic acid® do not resemble those 
observed in the case reported here. The absence of any significant inflamma- 
tory reaction in the portal areas differentiates the jaundice following para- 
aminobenzyl caffeine hydrochloride therapy from the intrahepatic cholangio- 
hepatitis attributed to arsenicals..1 Recently chlorpromazine (Thorazine) has 
been associated with the production of intrahepatic obstructive jaundice. The 
majority of cases ascribed to Thorazine are described as showing bile stasis 
with little inflammatory reaction.’* 7° These changes are similar to those here 
reported as being due to para-aminobenzyl caffeine hydrochloride. However, 
Zatuchin and Miller’ report two cases where portal inflammatory reaction was 
the predominant pathologie lesion. 

Our patients’ clinical courses parallel those reported in the literature.’ * 
There was severe progressive jaundice associated with mild anorexia anid 
mild hepatomegaly; neither appeared ill at the onset. Despite some nitrogen 
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retention in Case 2, he did not exhibit significant deterioration until the onset 
of acute peritoneal irritation 55 days alter the onset of jaundice. In published 
protocols of intrahepatic obstructive jaundice due to inspissated bile, the 
laboratory tests for hepatocellular damage are reported as normal or slightly 
elevated. In our eases, the thymol turbidity reached a maximum of 15.8 units 
(Case 2) and 9.0 units (Case 1). Alkaline phosphatase was elevated to 18.6 
units (Case 1) and 50.7 units (Case 2). Wood’ reports a fall in total chol- 
esterol. In Case 1 the total cholesterol was 960 mg. per cent (no control values 
obtained) during jaundice, and Case 2 exhibited a rise from 336 to 810 mg. 
per cent during the height of icterus. Total lipids in Case 2 increased from 
420 to 1,420 mg. per cent. 

In the above cited cases, no deaths were reported. Case 1 made a complete 
recovery after 75 days of jaundice. Case 2 died on the eightieth day of 
jaundice. Prior to his death the liver function tests (Table IL) showed im- 
provement over those previously recorded; at autopsy there were more exten- 
sive changes present in the microscopie sections of the liver than in the liver 
biopsies taken 75 and 59 days prior to death. Table III illustrates the blood 
ammonia levels expressed as ammonia nitrogen in gamma per cubic centimeter. 
The fall in ammonia levels paralleled the thymol turbidity, indicating improv- 
ing liver funetion prior to death. 


TABLE III. Bioop AMMONIA LEVELS 














(CASE 2) 
| | ARTERIAL | VENOUS 
| BUN THY MOL | LEVELS | LEVELS 
DATE (MG. %) | (UNITS ) GAMMA/ML, GAMMA/ML. 

12/23/54 Bs) 7.2 0.86 
1/28/55 118 9.0 1.04 
1/31/55 140 5.4 1.23 0.81 
2/ 1/55 0.96 0.80 
2/ 3/55 0.62 0.55 
2/ 4/55 83 
2/ 9/55 2.0 


2/10/55 -atient expired 


SUMMARY 


Two eases of prolonged intrahepatic obstructive jaundice due to para- 
aminobenzyl eaffeine hydrochloride are presented. Attention is called to the 
clinical and pathologie similarity of these cases to those changes reported in 
patients who developed jaundice following the administration of methyl 
testosterone and Thorazine. 

secause of its mild hypotensive effect and serious toxie properties, further 
investigation of 8-para-aminobenzyl caffeine hydrochloride as an effective anti- 
hypertensive drug was not warranted. 

We are indebted to Dexter L. Reiman, M.D., Associate Professor of Pathology, Uni- 
versity of Maryland, School of Medicine, for his assistance in the pathologie analysis of 
this material. 

To Samuel P. Bessman, M.D., Associate Professor of Pediatrics, University of Mary- 


land, School of Medicine, we express our appreciation for the determinations and inter- 
pretations of the blood ammonia levels. 
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The pentolinium tartrate (Ansolysen) used in this study was furnished by Dr. D. L. 
Shaw, Wyeth Laboratories, Philadelphia, Pennsylvania; the protov eratrine was supplied by 
Dr. P. A. Boyer, Jr., of the Pitman-Moore Company, Indianapolis, Indiana, 


This study was supported in part by the Hypertensive Foundation, Ine. 
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AMYLOIDOSIS: EXPERIMENTAL STUDIES 
V. Tue Errect oF Various LIVER PREPARATIONS ON THE PRODUCTION OF 
AMYLOIDOSIS IN ALBINO MICE 


H. G. Grayzeu, M.D., D. M. Grayzeu, M.D., P. MILter, M.D.,+ 
H. Cowen, M.D., anp P. Axst, B.S.* 
BRooK.yn, N. Y. 


|‘ THE treatment and in the prevention of the production of amyloidosis, the 
efficacy of whole liver powder has been demonstrated in humans! and in 
albino mice.? The repeated requests by physicians for a potent commercial 
liver preparation that can be used in their therapy of amyloidosis, and the re- 
port of success with a erude liver extract in humans® led us, in the present 
study, to test the efficacy of various liver products prepared by several pharma- 
ceutical companies. 
MATERIALS AND METHODS 


Amyloidosis was produced in young female albino mice of an average weight of 18 
grams. The animals were acclimated to laboratory conditions for one week and then were in- 
jected intramuscularly, once a day for five consecutive days, with 0.2 ml. of a 5 per cent 
sodium caseinate suspension.§ After a rest period of two days, another series of five con- 
secutive daily injections followed. This regimen was continued for five to seven months. 

The diet of the animals consisted of a dry mixture of powdered milk and granulated 
bread (stock diet) with the addition of the particular liver preparation, as designated 
under each group shown in Table I. Water was given ad libitum. The Armour liver 
product used in Groups 1 and 2 was a dried beef liver powder desiccated at a high 
temperature. The Vio-Bin dried beef liver powder added to the diet of mice in Groups 
3 and 4 was prepared from raw beef liver, defatted and desiccated at a low temperature 
(40° C.). Both are whole liver preparations not otherwise treated with any chemical or 
other agents. The others have been subjected to higher temperature or to one or more 
processes of extraction, as described elsewhere.t Hepulin is a purified liver extract de- 
rived from pregnant cattle and was given in doses of 0.1 ml. once a day for five successive 
days each week for a period of ten weeks. 

Eighteen groups of mice were studied, including one control group (Group 17). Each 
group consisted of forty mice, twenty mice per cage. Three mice from each group were 
sacrificed at monthly intervals, for a period of four to six months. Prior to the sacrifice, 
all the mice were injected with Congo red as described in a previous study.2 The spleen, 
liver, and kidneys were removed and sections prepared for histologic examination. 
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TABLE I. Errect orf LIVER PREPARATION IN PROTECTING AGAINST AMYLOIDOSIS 


a 
| 











| DIETIN GRAMS 


M—MILK POWDER | 
B—GRANULATED | 
| 














WHITE BREAD 
LIVER PREPARA- | L—LIVER PREPARA-| 1ST 2ND 3RD 4TH 5TH 6TH 
GROUP TION USED TION USED MONTH] MONTH | MONTH | MONTH | MONTH | MONTH 
1 Dried beef liver M.50B.40L.10 ++++ ++ +4 +—, ++ 4 
powder (Ar- 
mour ) 
2 Dried beef liver M. 40 B. 40 L. 20 ++ ++ ++ +4 + 
powder (Ar- 
mour ) 
3 Dried beef liver M.50B. 40 L. 10 + +,— +-,- +—, +4 
powder ( Vio- 
Bin) 
4 Dried beef liver M. 40 B. 401. 20 + 4 +-,4 t t 
powder ( Vio- 
Bin) 
5 Merrell’s whole M.40B.551L.5 ++ b+ 4+ t+++ t+++ 
liver Special 
Fraction 
6 Merrell’s (Wil- M.40B.551L.5 +++4 ++ +4+4++ + ++ +4 
son) liver 
Water-soluble 
Fraction B 
7 Cohn Fraction G. M. 40 B. 58 L. 2 ++ +444 ++4++ +4 ++-4- ++4 
Wet 7-6723 
(Lederle) 
8 Alcohol filtrate M.40B.58L. 2 +4 4+ +4 ++ ++ 
liver fraction 
(Lederle) 
9 Lederle’s precip- M. 40 B.58 L. 2 tt4+ +4 ++ +++ +4 +4 
itate (Residue 
insoluble alco- 
hol) 
10 Charcoal filtrate M. 40 B.58 L. 2 +4 tH-++- ++ H+ +444 
7-6721 (Led- 
erle) 
11 <Abbott’s liver M. 40 B. 58 L. 2 +444 +444 ++44 ++4 +44 pas 
extract (Frac- 
tion X) 
12 Eli Lilly’s liver M. 40 B.58 1.2 ++++ +4 4 +4 ++ 
extract 1076-1 
13 Eli Lilly’s liver M.40B.561L. 4 4+ dt ++ +++ t+ ++, +44 


extract 55 
( E-1076-2) 

14 Eli Lilly’s liver M.40B.56 1.4 +4 t+ +4 1 + ++, $44 
extract 343 
(E-1076-3) 

15 Eli Lilly’s aleo- M.40B.53 1.7 f ++ i 4h + bt 
hol soluble. 
Fraction (E- 


1076-4) 
16 Hepulin M. 40 B. 60 + +4 +4 f +4 
0.1 ml. Hepulin 
17. Control M. 40 B. 60 o aaqt HHt+ 9 +4, 44+ ais re ae or ge are 








The symbols in Table I, indicating the degree of amyloidosis observed at autopsy, have 
the following significance (see reference 6, figures 1 to 3): 

Minus (—) indicates no amyloidosis. 

Minus, plus (—, +) indicates a borderline state with an occasional histiocyte. 

One plus (+) indicates the finding of giant cells and giant cells containing amyloid. 

Two plus (++) indicates the presence of many giant cells with amyloid and some extra 
cellular amyloid. 

Three plus (+++) indicates numerous giant cells with amyloid and more extensive extra 
cellular amyloid. 

Four plus (++++) indicates extensive extracellular amyloid depositions and only occa 
sional histiocytes with amyloid. 
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The dosage of the liver materials incorporated in each diet in the various groups has 
been calculated in terms of the amount of whole liver used in the preparation of the liver 
principle. Except for Groups 2 and 4, where double the quantity was used, each group was 
fed the total quantity of liver preparation obtained from 100 grams of whole liver. This 


dosage was deemed more than adequate. 


RESULTS AND DISCUSSION 

The results are recorded in Table I. Each of the purified liver prepara- 
tions is less efficacious in preventing amyloidosis than whole liver powder pre- 
pared under proper conditions, i.e., whole liver desiccated at low temperature 
with no reagents to alter it chemically (used in Groups 3 and 4). 

While this study cannot serve as a definite quantitative measure of the 
therapeutic activity of the liver preparations, nevertheless, a relatively long 
period of observation of the rate of development of amyloidosis provides an 
adequate means for the correct evaluation of a preparation. A preparation 
derived from liver can be considered active in preventing amyloidosis only 
when it duplicates the action of a potent crude whole liver powder. On this 
basis, none of the liver extracts appear therapeutically potent.° 

The only liver preparation in this study effective in preventing amy- 
loidosis is the crude whole liver product desiccated at a low temperature. It 
is suggested that high temperatures and the methods of extraction employed 
in the preparation of the other liver products lead to the loss of the active 
principle present in whole liver. A more concentrated and more potent liver 
extract may be isolated in the future. To date, unfortunately, no such product 
is available. 

SUMMARY 


Fourteen liver preparations were tested. One was a erude whole liver 
product. The rest were extracts of whole liver powder prepared according to 
various accepted methods of isolating a possible active principle. 

Only powdered whole liver desiccated at a relatively low temperature 
demonstrated any striking effect in preventing the development of amyloidosis 
in albino mice. 
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THE ACUTE RENAL EFFECTS OF 9-ALPHA 
KLUOROHYDROCORTISONE IN HUMAN SUBJECTS 
WITH INTACT ADRENALS 


KLston R. HurrmMan, M.D.,* Grorcre M. Wison, JRr., M.D.,** 
(GLENN M. Cuark, M.D.,*** anp CHARLEY J. SmytH, M.D.**** 
DENVER, COLO. 


WITH THE TECHNICAL ASSISTANCE OF NORMAN WHIPPLE 


INE-ALPHA fluorohydrocortisone (9-aF) has been shown to effect marked 

sodium retention in the adrenalectomized dog? and rat. Balance and 
excretion studies with this drug in humans, both with intact adrenals and with 
adrenal insufficiency, have demonstrated a high degree of electrolyte activity 
consisting of a decrease in the urinary excretion of sodium and a rise in po- 
tassium excretion.*? This electrolyte effect of 9-aF exceeds that of cortisone 
and resembles aldosterone.* ® 

Because of the early and marked electrolyte changes following the ad- 
ministration of 9-aF, it appeared that discrete renal clearance techniques might 
more adequately reflect the acute renal clearance primary renal effects of this 
drug. Indeed, Pitts® has suggested that acute experiments might better demon- 
strate the primary renal effect of any steroid. The following acute renal clear- 
ance data were obtained from five subjects who received intravenous 9-ak', four 
subjects given intravenous hydrocortisone, and four control subjects who were 
given only the infusion medium. 


METHODS 


All subjects studied were hospitalized male patients with intact adrenals who were 
either normal or had clinical diagnoses of rheumatoid spondylitis, cervical arthritis, rheu- 
matoid arthritis, gout, or psychoneuroses. All studies were started at 6 A.M. after a 12-hour 
fast except for water, which was allowed ad limitum. A standard house diet was eaten 
for at least four days prior to the clearance studies. 

Both 9-aF and hydrocortisone were infused intravenously over periods of 30 to 45 
minutes in 100 ml. of normal saline containing 2 per cent to 10 per cent alcohol. The con- 
trol subjects received 2 per cent to 4 per cent alcohol in 100 ml. of normal saline (diluent 
for 9-aF) over a period of 20 to 45 minutes. Clearance techniques were those described by 
Goldring and Chasis, utilizing a constant infusion pump and bladder washouts. Control 
values (see tables) represents the average of three to five 10- or 15-minute clearance 
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periods. Posteontrol values represent the average of four to eight 15- to 20-minute clear- 
ance periods after completion of the infusion of the test substance. Inulin determinations 
were performed by the method of Roe and co-workers,10 PATL by that of Smith and co- 
workers,11 and chloride by the method of Van Slyke and Hiller.12) Urates were determined 
by Archibald’s modification of the Kern and Stransky method.13 Serum and urine 
electrolytes were determined with a Beckman flame spectrophotometer. Donnan correc- 
tions were utilized in the calculations as follows: 0.95 for sodium and potassium and 1.02 


for chloride. All clearances were calculated for 1.73 square meters of body surface. 


RESULTS 
The five subjects who received the infusion of 9-ak demonstrated no con- 
sistent change in the clearance of inulin (C;,) or the clearance of para-amino- 
hippurate (Cpan) (Table I). Of the electrolyte clearances studied, only so- 
dium demonstrated definite consistent changes. All five subjects showed 


TABLE I, PLASMA CLEARANCES AFTER 9-aFLUOROHYDROCORTISONE 











“[P ‘PERIODS | | | 
| (TOTAL = Cin | Cpan | 
| MIN- | (ML/ | (ML 4 | Cxa/Cin | CK/Cin_ | be 1/Cin Cur/Cin 
SUBJECT | UTES ) t | MIN.) | MIN. | (x 100) | (x 100) | x 100) | (x 100) 
Patient 1 Control* 92.7 457 0.780 14.5 iy ese 
5S years, cervical 2 mg. S-aF in 2% alcohol in normal saline in 45 minutes 
spondylitis 70t 96.2 468 0.351 12.9 0.75 12.0 
Patient 2 Control 99.7 671 0.922 6.4 135 1S 
24 years, rheumatoid 1 mg. 9-aF in 1% alcohol in normal saline in 35 minutes 
spondylitis 60 82.4 624 0.356 6.6 1.08 12.7 
-atient 3 Control 116.0 413 0.734 i333 1.19 4.7 
40 years, gout 3 mg. 9-aF in 8% alcohol in normal saline in 45 reéautes 
90 128.0 398 0.475 11.9 0.91 2.9 
Patient 4 Control 98.2 579 1.840 26.7 1.54 6.7 
23 years, rheumatoid 2 mg. 9-aF in 2% alcohol in normal saline in 45 minutes 
arthritis 105 97.7 605 0.799 34.9 1.27 Wado 
Patient 5 Control 125.0 599 0.529 9.0 0.83 8.8 
44 years, rheumatoid 2mg. 9- F in 2% alcohol in normal saline in 30 minutes 
spondylitis 160 118.0 594 0.333 8.8 0.92 9. . 








*Control values in this and Tables Il and 11 represent the average of three to five 10- 
or 15-minute clearance periods. Postcentrol values in this and Tables II and III represent the 
average of four to eight 15- to 20-minute clearance periods. All clearance values are cor- 
rected for 1.73 square meters of body surface. 

+The numbers refer to the length of study in minutes after completion of the infusion 
of the test substance. 


marked deerease in the ratio of the clearance of sodium to the clearance of 
inulin (Cy,/Cm).* while the serum sodium showed no change. The mean 
Cy,/Cm for all subjects fell from a control of 0.961 to 0.463 (deerease of 51.8 
per cent) following 9-al infusion. The maximum change occurred in Subject 
2 in whom there was a fall from a mean control Cy,/C), ratio of 0.922 to 0.356 
(decrease of 61.5 per cent) following infusion of 1 mg. 9-al*. Subject 3, re- 
eciving 35 mg. of the drug, had the smallest change, a fall from a mean control 
Cyxa/Cm of 0.734 to 0.475 (decrease of 35.3 per cent). 
Changes in the renal clearance of sodium occurred early. Subjects 1 and 

2 had mean decreases of the Cy,/Ci, ratio of 55 per cent and 63 per cent 
postinfusion periods of 70 and 60 minutes, respectively. 


*Throughout this report the values expressing clearance ratios have been multiplied by 100. 
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The changes in the ratio of chloride clearance to inulin clearance Ce/Ciy 
were neither as constant nor as marked as those for sodium. One of the 5 sub- 
jects (5) inerease the ratio Cq/Cy, under the influence of 9-al' while the other 
4 decreased. The four manifesting a decrease fell from a mean Ce/Cy, of 1.05 
to 0.750 (decrease of 24 per cent). There were no consistent changes in the 
clearance of potassium or urate during the time of this study. 


TABLE II. PLASMA CLEARANCES AFTER ALCOHOL AND SALINE 
(INFUSION SOLUTION) 











PERIODS | | 
(TOTAL Cin Cpr | 
mMIn- | (ML./ | (ML./ | Cal On: | Cale. | CehOn | CoPCe 
SUBJECT UTES) t MIN.) MIN.) (x 100) | (x 100) | (x 100) | (x 100) 
Patient 6 Control* 106.0 5a 0.872 11.72 2.07 9.87 
34 years, normal 4% alcohol in 100 ml. normal saline in 45 minutes 
140+ 99.6 543 1.341 14.9 1.56 9.25 
Patient 7 Control 127.0 567 0.334 4.26 0.736 5.01 
31 years, rheumatoid 2% alcohol in 100 ml. normal saline in 30 minutes 
arthritis 145 126.0 474 0.429 5.09 0.917 4.39 
Patient 8 Control 108.0 481 0.378 3.93 0.665 o 
37 years, normal 2% alcohol in 100 ml. normal saline in 20 minutes 
120 99.0 469 0.448 2.46 0.726 - 
Patient 9 Control 121.0 530 0.666 31.15 1.03 8.88 
26 years, normal 4% aclohol in 100 ml. normal saline in 30 minutes 
140 117.0 509 0.670 26.71 0.798 8.32 








*See footnote Table I. 
7See footnote Table I. 


TABLE III. PLASMA CLEARANCES AFTER HYDROCORTISONE 


























| PERIODS | | | | | 
| (TOTAL Cin Cran | 
MIN- | (ML./ | (ML./ | Cxa/Cin | Cx/Cin | Cor/Cm | Cur/Cmn 
SUBJECT UTES ) t | MIN.) | MIN.) | (x100) | (x100) | (x 100) | (x 100) 
Patient 10 Control* 94.6 545 0.974 21.2 1.35 21.5 
29 years, psychoneu- 20 mg. hydrocortisone in 2% alcohol and normal saline in 40 minutes 
TOsiS 90t 98.7 544 1.49 20.1 1.75 16.5 
Patient 11 Control 101.0 475 0.608 15.4 0.448 26.0 
36 years, normal 50 mg. hydrocortisone in 5% alcohol and normal saline in 30 minutes 
120 105.0 577 0.423 19.1 0.315 25.9 
Patient 12 Control 148.0 577 0.377 5.92 1.74 9.94 
27 years, gout 100 mg. hydrocortisone in 10% alcohol and normal saline in 30 minutes 
120 147.0 569 0.295 4.53 1.47 5.92 
Patient 13 Control 98.4 475 0.7038 8.95 0.648 6.95 
32 years, normal 100 mg. hydrocortisone in 10% alcohol and normal saline in 30 minutes 
140 91.4 467 0.733 13.0 0.960 9.50 





*See footnote Table I. 
7See footnote Table I. 


The four control subjects received a solution of 2 to 4 per cent alcohol 
in 100 ml. normal saline (diluent for the infusion of 9-al*) (Table II). There 
were no significant changes in the C;, or Cpan except in Subject 7, who had a 
decrease in the Cpay from a mean control of 567 to 474 ml. per minute (de- 
crease of 16.4 per cent) after receiving the alcohol saline solution. Three out 
of four eontrol subjects had inereases in the clearance of sodium and the 
Uxa/Ci, ratio; with a change from a mean control ratio Cya/Cm of 0.396 to 
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0.549 (increase of 48.8 per cent). One subject (13) showed no change. There 
were no consistent significant changes in the renal clearance of potassium, 
chloride, or urate in the subjects receiving the control solution. 

Four additional subjects received from 20 to 100 mg. of hydrocortisone 
intravenously over a 30- to 40-minute infusion period (Table III). There were 
no consistent changes in the discrete renal functions studied for postinfusion 
periods of 90 to 140 minutes. The serum electrolytes manifested no consistent 
change in response to any of the test substances studied. 


DISCUSSION 

The early and marked changes in the renal excretion of sodium effected 
by 9-al° make this hormone amenable to study by acute renal clearance tech- 
niques. Indeed, the acute effects of this drug are so pronounced that subjects 
with intact adrenals may be studied. Balance and excretion studies have indi- 
eated that the sum of the metabolic effects of this steroid is a retention of so- 
dium and excretion of potassium.*? The above data indicate that the acute 
renal effect of 9-aF during a postinfusion period up to 160 minutes is a de- 
crease in the clearance of sodium. There were no changes in the serum electro- 
lytes which would indicate that the decrease in the clearance of sodium was 
secondary to some general metabolic effect. These findings are in accord with 
the findings of Roberts and Pitts,** who, with cortisone and desoxycortisone, 
found a decrease in the tubular reabsorption of sodium to be the only early 
renal effect in the adrenalectomized dog studied for a period of 120 minutes. 

The subjects who received only the infusion medium had a rise in the 
clearance of sodium in three out of four instances, while the drug hydrocorti- 
sone effected no consistent renal changes during the time of study. 


CONCLUSION 

1. Renal clearance techniques may be used to measure the primary acute 
renal effects of 9-alpha fluorohydrocortisone in subjects with intact adrenals. 

2. Nine-alpha fluorohydrocortisone causes a marked decrease in the renal 
clearance of sodium without other consistent renal changes during a period of 
study up to 160 minutes. 

aa , . ; : 

3. With use of renal clearance techniques, no consistent acute primary) 
renal effects could be attributed to hydrocortisone. 

The 9-alpha fluorohydrocortisone used in these studies was supplied by Merck & Co., 
Inc., of Rahway, N. J., through the courtesy of Dr. Elmer Alpert, to whom we express our 
appreciation. 
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THE PLATELET-LIKE ACTIVITY OF CERTAIN BRAIN EXTRACTS 
J. V. Garrett, D.M.* 
DALLAS, TEX. 


HE need for a platelet substitute for therapeutic use in thrombocytopenia 

and the knowledge that certain phosphatides in platelets and tissues were 
active in the coagulation process suggested further investigation of the mode 
of action of these substances. Previous investigators had reported that certain 
brain’ ? and soybean® extracts had an activity similar to platelets. A brain 
extract has been used in therapy of the hemorrhagic state associated with 
thrombocytopenia in leukemia.‘ This paper describes an investigation into the 
coagulant activity of certain brain extracts and a comparison of this activity 
with that shown by platelets. 

MATERIALS 


Whole brain thromboplastin: A saline suspension of acetone-dried brain was used. 
Five-tenths gram of the powder was suspended in 10 ml. of normal saline and the sus- 
pension incubated at 37° C. for 15 minutes before use. 

Brain extracts: (1) A chloroform extract of acetone-extracted human brain.1 (2) 
Crude cephalin and cephalin phosphatide fractions of brain extracted by the method of 
Foleh.5 (3) An alcohol soluble crude lecithin fraction obtained in the course of preparation 
of (2). 

The fractions were suspended to an original concentration of 1 mg. per milliliter in 
normal saline buffered to pH 7.3 with imidazole. The saline extracts and the crude cephalin 
extract were obtained from both human and ox brain. The cephalin phosphatide and 
lecithin fractions were obtained from ox brain only. 

Russell’s viper venomt: 1:20,000 solution in distilled water. 

Human Citrated Plasma: Obtained from normal blood donors, 

Normal Human Serwm: Incubated at 37° C. for 2 hours before separation from the 
clot and stored at —20° C. 

Human Platelets: Prepared by a modification of the method used in the thromboplastin 
generation test, frozen and kept overnight at —20° C. before use. 

Calcium Chloride 0.025 M Solution. 

Antihemophilic Globulin (AHG): Prepared from prothrombin-free normal plasma by 
precipitation with ammonium sulfate. 


METHODS 


Accelerated Clotting Time.—Similar to one-stage prothrombin time and performed by 
mixing 0.1 ml. of plasma, 0.1 ml. of thromboplastic substance, and 0.1 ml. of calcium 
chloride at 37° C. 

Thromboplastin Generation Test6 (Slightly Modified).—This test, although employing 
crude reagents, gives a good impression of the functional relationship of the major com- 


From The J. K. & Susie L. Wadley Research Institute and Blood Bank, Dallas, Tex. 
Received for publication Oct. 11, 1955. 


*Fulbright Research Scholar. Present address: Children’s Cancer Research Foundation, 
35 Binney Street, Boston, Mass. 


*The product supplied by Burroughs Wellcome Company. 
¢Personal communication from Dr. R. J. Speer. 
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ponents of the natural thromboplastin producing system and the rate of production and 
quantity of thromboplastin formed. The comparative experiments described here were all 
done on the same bateh of reagents and the quantitative estimates derived from dilution 
curves, 

Serum Prothrombin Utilization.—The prothrombin content of serum was measured by 
the method of Owren and Aas? and compared with the original plasma prothrombin. 


RESULTS 

The accelerated clotting times with the various thromboplastie reagents are 
shown in Table I. It will be seen that the shortest clotting time is given by 
the whole brain thromboplastin. Alcohol and ether extractions reduced the 
activity, and the other fractions, including the lecithin, crude cephalin, plate- 
lets, and Folch’s Fraction V, were also less active in this test than the whole 
brain. The preparations of crude human and ox cephalin in the same econ- 
centration as the whole brain were actually inhibitory, prolonging the clotting 
time beyond the control. 


TABLE I. Errect OF VARIOUS THROMBOPLASTIC REAGENTS ON THE ACCELERATED CLOTTING 

















TIME 
THROMBOPLASTIN CLOTTING TIME (SEC.) 
1. Saline control 29.00 
2. Whole human brain, saline suspension 40 mg./ml. 18.1 
3. Crude human cephalin 40 mg./ml. 224.0 
4, Crude human cephalin 2 mg./ml. 76.0 
5. Whole ox brain, saline suspension 40 mg./ml. 33.0 
6. Alcohol extracted ox brain 40 mg./ml. 55.0 
7. Ether extracted ox brain 40 mg./ml. 103.0 
8. Crude ox cephalin 40 mg./ml. 390.0 
9, Crude ox cephalin 2 mg./ml. 91.0 
10. Fraction V 0.1 mg./ml. 80.0 
11. Lecithin fraction 2 mg./ml. 80.0 
12. Human platelets 82.0 


Thromboplastin Generation Tests—Fig. 1, A and B, shows the activities 
of the different preparations in the thromboplastin generation test as compared 
with a platelet suspension, originally containing about 300,000 platelets per 
cubie millimeter. It will be seen that in the complete system containing plasma 
as a source of AHG, serum and platelets, or brain extract, thromboplastin genera- 
tion was rapid and most of the brain extracts were equivalent to platelets. If 
plasma was replaced by saline, no activity developed except in the system con- 
taining the whole brain thromboplastin. On the addition of crude human 
AHG to the systems containing platelets, cephalin or lecithin fractions, thrombo- 
plastin production was again practically equivalent to that in the whole brain 
thromboplastin system and in the systems containing plasma. 

Fig. 2 shows the relative activities of Folch’s five cephalin phosphatide 
fractions. It will be seen that Fraction V appears considerably more active 
than the others. Suspensions containing as little as 0.005 mg. per milliliter 
of Fraction V could be shown. to possess activity. 

Fig. 3 demonstrates the effect of adding a small amount of thrombin to 
the mixture. It has been shown previously® that thrombin accelerated thrombo- 
piastin production in a system containing platelets, and this graph demonstrates 
the same action in the system containing Folch’s cephalin Fraction V. 
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One-Stage Tests Employing Russell’s Viper Venom.—It has been known for 
many years that certain lipoid extracts were able to accelerate the clotting time 
of a system containing plasma, caleium chloride, and Russell’s viper venom.* 1° 


—-+—-+— Platelets. 
Crude cephalin. 
—O—O— Fraction I 0.1 mg./ml. 


++++ Fraction V 0.1 mg./ml. 
Lecithin fraction 0.1 mg./ml. 


90 
80) 
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Minutes of incubation 


A. 


5 


Sy Whole brain thromboplastin 
40 mg./ml. Saline in place of 
plasma. 

—:‘—: Platelets. AHG in place of 

plasma. 

+tH+ Fraction V 0.1 mg./ml. AHG 

in place of plasma. 

—————— Lecithin fraction 0.1 mg./ml. 
AHG in place of plasma. 

+++++ Composite curve for platelets, 

Fraction V lecithin or cephalin 
40 mg./ml. Saline in place of 
plasma. 


90; er reer eecose 








j SHeseeeeste sete eee tttrtt 


7 v 7 7 


1 2 3 4 5 Ss. 7 
Minutes of incubation 





B. 


Comparison of the activities of platelets and various brain thromboplastins in 


the thromboplastin generation test, with and without plasma and AHG. A, All systems con- 
taining plasma. 


B, Systems containing AHG or saline in place of plasma. 


Table II shows the effects of the various substances employed in the present 


investigation. 


The active substance is an aleohol-soluble material present in 
both the cephalin and erude lecithin fractions. 











TABLE IT. ACCELERATING EFFECT OF VARIOUS PREPARATIONS ON THE RUSSELL VIPER VENOM 
CLOTTING TIME 
RUSSELL LECITHIN | 

VIPER FRACTION V FRACTION PLATELET | CALCIUM | CLOTTING 
PLASMA | SALINE VENOM 0.1 MG./ML.| 1.0 MG./ML. | SUSPENSION | CHLORIDE | TIME 
(ML. ) | (ML. ) (ML. ) (ML. ) (ML. ) (ML. ) | (ML. ) | (SEC. ) 
0. 0.1 0.0 0.0 0.0 0.0 0.1 180.0 
0.1 0.0 0.1 0.0 0.0 0.0 0.1 25.0 
0.1 0.0 0.1 0.1 0.0 0.0 0.1 10.4 
0.1 0.0 0.1 0.0 0.1 0.0 0.1 12.2 
0.1 0.0 0.1 0.0 0.0 0.1 0.1 10.0 
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Minutes of incubation. 


Thromboplastic activities of the five cephalin fractions from ox brain. 
containing 0.04 mg./ml. 








Suspensions 


—— Platelets with thrombin. 
~~ Fraction V with thrombin. 
——— Platelets without thrombin. 
———Fraction V without thrombin, 
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3.—Effect of adding 0.1 ml. of a solution of thrombin containing 0.1 unit/ml. to systems 
containing platelets and cephalin Fraction V. 








1956 


"eIyLTydowoay x 
‘+ poyteiu soaouRysqns vy} Jo “"[W [*g JO BVDUeSVId 989} UL YO[O OY PIMOT[V pPoolq JO Sse OMT 


May. 





+ on — aa - = 


J. Lab. & Clin. Med. 


= _ — = = 


O00 FFE 


00¢°9 


000°9L 


0009 


OULG 


ce 
GG 


06 

OL 

c6 — + _ - - 

$8 a ED, ee - i. _008°S l 
icvAyennel (‘ogs) GWIL |*IN/‘eW T’9| “IN/OW T | IW/‘OW T'0| “IN/*DW T 

NIGNOUYHLOYd | NIGNOUHLOYd | AI NOILLOVYA | AI NOILOVYA| I NOLLOVYd | I NoMWovua 
INGO Wid wows | 


| IN/on Z| dovarxa | aNtivs | <NN00 | ‘ON aSvO 
| NIIVHddO | WYOMONOTHO! agaquddand LATALV Id 
| xo ganyo | 




















NOLLVZITILQ, NIAGNOUHLOYG NO SLOVYLXY NIVYG dO Loddaq “TIT alavy 
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Effect of the Various Extracts on Prothrombin Utilization of Thrombo- 
cytopenic and Hemophilic Blood.—This is shown in Table III. It is seen 
that in suitable concentration, the extracts were able to completely correct 
the prothrombin utilization defect of thrombocytopenic blood but not that of 
the hemophilic blood tested. Owing to the small amount of Fraction V avail- 
able, Fraction TV was used in these tests. 


In Vivo Experiments——A few experiments were done on rabbits which 
had been made thrombocytopenic with radioactive phosphorus. Intravenous 
injection of the crude ox cephalin material appeared to correct the prothrombin 
utilization defect due to the thrombocytopenia, but owing to the difficulties 
of the collection of sufficient blood uncontaminated with tissue juices, the ex- 
periments were not continued. The rabbits showed no ill effects from the 
injections other than a local venous thrombosis at the site of injection in one 
animal. 


DISCUSSION 


The results obtained here with the various brain preparations can be inter- 
preted as showing that the whole brain thromboplastin does not require anti- 
hemophilic globulin for its activity, but the cephalin and lecithin fractions 
and platelets do. The activity of the whole brain is due to the combined activi- 
ties of both the phosphatide and protein moieties, and extraction with alcohol 
or lipid solvents separates these two. Each alone is inactive without the other, 
but the protein can be supplied in the form of antihemophilic globulin, and the 
full activity of the phosphatide-protein complex can be restored in this way. 
Platelets presumably contain the phosphatide only. 

Early investigators’! had observed the thromboplastic activity of phos- 
phatides derived from tissues and platelets and had noticed that the simple 
tissue suspensions were more active than the alcohol or lipid solvent extracts. 
Thus Foleh’s cephalin fractions had been previously investigated'* and found 
to have some coagulant activity after long incubation in a system containing 
purified prothrombin alone but not to have as much as the saline whole brain 
extract. The test systems of most of these investigators consisted of simple 
clotting tests in which the significance of the various components of the pro- 
thrombin-converting thromboplastic complex was obscured. Mills'® had, how- 
ever, been able to show that both the benzene-soluble phosphatide and benzene- 
extracted globulin portions of lung tissue had slight thromboplastie activity. 
A combination of the two had more activity than either alone, and he stated 
that both the phosphatide and globulin were therefore necessary for full 
activity. 

Advanees in knowledge of blood coagulation and the use of two-stage 
tests employing the several components of the active thromboplastic complex 
have made it possible to show that when all the necessary factors are provided, 
the lipid extracts are fully as active as the whole tissue extracts. The results 
reported here, showing that the saline brain extracts do not require AHG for 
their full activity, are in agreement with the results of other workers.’® 17 
The role of proaccelerin or AC globulin and serum factors was not investigated 
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in the present work. The lipid factor is probably similar to the lipid thrombo- 
‘plastic factor of platelets named ‘‘platelet factor 3’’ by Deutsch.'* The protein 
with which it is combined in whole brain extracts is equivalent to AHG or 

. platelet co-factor 1 of Murray, Johnson, and Seegers,’? who have named the 
platelet plus AHG-like activity ‘‘threone activity.’’ 

The earlier work was complicated not only by the use of an unsuitable 
clotting system but also by uncertainty over the chemical nature of cephalin, 
as it was not until the work of Folch® that it was shown that the aleohol- 
insoluble cephalin was a mixture, one of the chief components of which, phos- 
phatidyl ethanolamine, was alcohol soluble when separated from the others. 
In this work, platelet-like activity was found in all the fractions but was 

. greatest in Fraction V, which was identified by Folch with phosphatidyl] 
ethanolamine. It is possible, however, that the active substance is not this com- 
pound but a contaminant present in minute amount. A synthetie phosphatidyl! 
ethanolamine, L-alpha-dimyristoyl cephalin,’®* did not possess any activity in 
a concentration of 2 mg. per milliliter. However, the fatty acid radicals in 

this compound are saturated and those in the natura!ly occurring compound 
are not. The other four fractions contain some phosphatidy: ethanolamine as 

a contaminant,'* but it is possible that the lesser activity of these fractions 

may be due to a higher concentration of an inhibitor. In this connection, it 
is known that inositol, which is present as a phosphatide in several of the 
fractions, is an inhibitor.?° 





















SUMMARY 










1. Platelets, saline suspensions of whole brain thromboplastin, and cephalin 
and lecithin extracts of brain were tested in the thromboplastin generation and 
accelerated clotting time tests and their activities compared. 

2. It was shown that in the presence of plasma or AHG, the lecithin and 
cephalin fractions of brain were capable of forming as active a thromboplastin 
as platelets under the same conditions. 

3. The lecithin and cephalin fractions and platelets require AHG for their 
activity. Saline suspensions of whole brain do not. 

4. The lecithin and cephalin fractions of brain are capable of fully correct- 
ing the prothrombin utilization defect of thrombocytopenic blood. 

5. These results are discussed in relation to other work and shown to 
explain the apparent lessened activity of lipid-extracted brain tissue compared 
with the saline suspensions of whole brain. 
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STUDIES ON THE MECHANISM OF A DRUG-INDUCED HEMOLYTIC 
ANEMIA 


JoHN W. Harris, M.D.* 
CLEVELAND, OHIO 
INTRODUCTION 

LTHOUGH hemolytic anemias are known to occur following the admin- 

istration of many different drugs and chemicals, the exact mechanisms by 
which these agents bring about erythrocyte destruction in vivo are in most 
instances very incompletely understood. Hmerson, Ham, and Castle’’ have sug- 
gested that the capricious in vivo hemolytie activities of some of the offending 
compounds are due to the formation in certain patients of unusual metabolites 
that function as oxidants in oxidation-reduction systems. Although the specific 
metabolites were not identified, it was demonstrated that various oxidant com- 
pounds produced in vitro increase in erythrocyte osmotic fragility and hemolysis. 
In vivo testing of oxidant agents in animals showed them eapable of producing 
an inerease in osmotic fragility and ultimately a hemolytic anemia. The hemo- 
lytic activity was therefore presumed to be dependent upon an abnormality 
extrinsic to the red cell. The recent studies by Dern and co-workers'* 1° have 
demonstrated that certain compounds (primaquine, ete.), or metabolic products 
derived therefrom, inflict an injuvy upon sensitive erythrocytes of a certain 
age group that results in their subsequent destruction. In this instance the 
mode of action of the hemolytic agent is dependent upon an intrinsic cellular 
abnormality. It has also been suggested that through interaction with the red 
cell and consequent autoimmunization a chemical agent might act by initiating 
the production of an ‘‘immune system”’ of erythrocyte agglutinins or hemolysins 
responsible for the abnormally increased erythrocyte destruction. However, in 
none of the studies has definitive evidence been supplied to show that the pres- 
ence of the drug was critical for either the production of demonstrable serum 
agglutinins or hemolysins or for the agglutinating or hemolytie activities of 
the serum factors.’ 9, 11, 14, 27, 33, 34, 39, 40 

In the patient reported here an acute hemolytic episode developed during 
readministration of a drug, Fuadin. It was possible to establish that the serum 
of this patient contained agglutinating and hemolyzing factors that were active 
only when Fuadin was added to in vitro or in vivo reacting systems. It is 
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therefore believed that this patient was demonstrated to have had an acute 
acquired hemolytic anemia of the so-called autoimmune antibody type secondary 
to drug administration.?® 


Druc-INpUCED Hemoniytic ANEMIA 
METHODS 


Standard methods were used for the determination of the conventional blood values.22 
Free hemoglobin in the plasma and urine was measured by a modification of the benzidine 
method of Bing and Baker, utilizing the Evelyn photocolorimeter.3 Bilirubin was estimated 
by the method described by Zieve and associates.41 The micro determinations of methemo- 
globin and sulfhemoglobin were made according to the Evelyn-Malloy technique17 and the 
presence of methemalbuminemia was confirmed according to the description of Fairley.18 
The erythrocyte osmotic fragility was determined on defibrinated venous blood samples with 
use of the quantitative method of Emerson and associates,16 in which the values of the saline 
tonicities were corrected by a formula for the addition of whole blood to the graded solutions 
of sodium chloride and the effect of pH was corrected to that of a pH of 7.4. In addition 
to the observations made on unincubated blood samples, the erythrocyte osmotic fragility 
was determined on blood samples following 24 hours of sterile incubation at 37.5° C, The 
mechanical fragility of the red cells was quantitated for unincubated blood and following 24 
hours of sterile incubation employing the method of Shen, Castle, and Fleming.35 The 
methods employed in the study of the hemolytic mechanisms have been published elsewhere 
as follows: sickling test8; electrophoretic analysis of hemoglobin3¢; cold agglutinin19; cold 
hemolysins?6; hemolysis test with acidified serum22; agglutination of erythrocytes at acid 
pH.2° The amount of globulin adsorbed on the surface of the erythrocyte was estimated 
in a direct Coombs test6 by the addition of 0.2 ml. of a 5 per cent suspension in saline of a 
patient’s thrice-washed erythrocytes to equal amounts of serially diluted Coombs (anti- 
globulin) serum. These mixtures were incubated for one hour at 37° C., centrifuged one 
minute at 1,000 r.p.m., and the end point of agglutination was read microscopically. Tryp- 
sinized red cells were prepared and used according to the method of Morton and Pickles.#1, 32 
The special tests for agglutinin and hemolysins requiring the presence of Fuadin or other 
related chemicals for activation are described below. 


CASE SUMMARY AND EXPERIMENTAL RESULTS 
I. Hemolytic Phase.— 


CasE 1—M.M. (Cleveland City Hospital, Number U-25829), a 28-year-old unmarried 
Puerto Rican aluminum mill worker, was referred for study because of nausea, vomiting, wine- 
colored urine, and jaundice following an injection of Fuadin. Ten years previously in 
Puerto Rico the patient had been treated for intestinal schistosomiasis; it was later estab- 
lished that he had at that time received a full course of Fuadin without untoward effect. 
He had been completely well following this therapy until one month before admission when, 
because of a complaint of diarrhea and abdominal discomfort, a rectal biopsy was done that 
was reported to show viable schistosome ova in the intestinal mucosa. Accordingly, eleven 
days before admission a course of Fuadin therapy had been started. He showed no reaction 
to the first four injections but a few hours following the fifth injection (given four days 
before admission) he became nauseated, vomited, and noted profuse sweating. Although 
these symptoms rapidly subsided, the next injection was delayed for 24 hours and was given 
at approximately 3 p.m. on the day before admission. A total of 212.5 mg. of Fuadin had 
heen administered. The patient felt perfectly well until three hours after the injection 
when he noticed severe pains in his back, right chest, and abdomen associated with coughing 
vnd followed shortly by nausea and vomiting. Ile went to sleep at the usual time only to 
he awakened about midnight with some urinary urgency and noted that the urine was 
‘*bloody.’’? In the morning he awoke early, felt poor and very weak on arising, and ob- 
served that his eyes and hands were yellow. The urine was again ‘‘bloody’’ and this time 
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darker than noted on the previous specimen. Shortly thereafter he was referred to the 
hospital by Dr. Juan Rodriguez for study and treatment. Except as noted above, the past 
history was essentially noncontributory. The patient had never before experienced an epi- 
sode similar to the present, and the family history revealed that of five brothers and six 
sisters, all were allegedly living and well. There were no known blood disorders in any 
member of the family, and specifically there were no known episodes of jaundice, dark urine, 
or symptoms attributable to anemia. The patient had worked in an aluminum plant for 
the previous nine months doing manual labor and denied having been exposed to any chemicals, 
dusts, or unusual compounds. There was no history of alcoholism. 


The patient was a well-developed, well-nourished white man, with an obvious icteric 
tint to the skin and sclerae. He was cooperative but drowsy. The temperature was 38.5° C., 
pulse 90/min., respirations 30/min., and the blood pressure 115/70 mm. Hg. The mucous 
membranes and nailbeds showed a mild degree of pallor. No abnormal adenopathy was 
noted. The lungs were clear to percussion and auscultation. The heart was of normal 
size and shape, rhythm and rate; no murmurs were heard. The peripheral vessels were 
normal. Examination of the abdomen showed some right upper quadrant tenderness to 
percussion. The liver was palpable two fingerbreadths below the costal margin; the kidneys 
and spleen were not palpable. There was no costovertebral angle tenderness. Rectal exam- 
ination was normal. Neurologic examination showed active physiologic reflexes throughout ; 
the Babinski test gave a plantar response. 


Laboratory examinations on admission showed a urine which was port wine in color 
with a pH of 7.0. The specific gravity was 1.022, albumin 1+, and sugar and acetone nega- 
tive. No formed elements were noted in the centrifuged sediment, but much amorphous 
debris was present. Benzidine and guaiac tests on the supernatant were positive for heme 
pigment. A Harrison spot test was negative for bile. The initial blood counts (Fig. 1) 
showed a hematocrit of 28 per cent, hemoglobin of 10.5 Gm./100 ml., red cell count 3.51 
x 106/mm.3, leukocyte count 26.2 x 103/mm.%; it was impossible to read the icterus index 
because of the red appearance of the serum. A leukocyte differential showed the following 
percentage distribution: polymorphonuclear leukocytes 56, band forms 16, eosinophils 6, 
basophils 1, small lymphocytes 6, young lymphocytes 1, monocytes 8, young monocytes 3, 
myelocytes 1, and metamyelocytes 2. The reticulocyte count was 3.8 per cent. The plate- 
lets were plentiful on smear; 9 nucleated red cells were seen per 200 W.B.C. No parasites 
were noted. The red cells showed definitely abnormal variations in size and shape; many 
polychromatophilic macrocytes and many spherocytes were present. There were frequent 
stippled forms; a large proportion of these were also polychromatophilic; rare, bizarre forms 
and Howell-Jolly bodies were noted. The patient’s blood type was O, Rh positive. The 
test for blood urea nitrogen showed 18.2 mg./100 ml.; sugar, 77 mg./100. The blood 
Kline reaction was negative. 

The following tests for erythrocyte abnormalities were then done: a sickling test 
was negative and the hemoglobin was normal upon analysis by paper electrophoresis; the 
erythrocyte osmotic fragility test showed 1 per cent hemolysis at 0.77 Gm. sodium chloride/ 
100 ml. (normal — 0.47 + 0.028 Gm./100 ml.) and 5 per cent hemolysis at 0.65 Gm. sodium 
chloride/100 mil. (normal — 0.44 + 0.028 Gm. per 100 ml.) (Fig. 2), and the erythrocyte 
mechanical fragility test demonstrated that 28.4 per cent of the erythrocytes were destroyed 
by the standard trauma (Fig. 1). The Ham test was negative for paroxysmal nocturnal 
hemoglobinuria. The Coombs test showed strong agglutination at a 1:1,024 dilution of the 
testing serum (Fig. 1). Pigment studies showed that the plasma hemoglobin was elevated 
to 410 mg./100 ml. (Fig. 1), methemalbumin was present in the patient’s serum and the 
total bilirubin level was elevated to 8.7 mg./100 ml. of which 6.0 was of the indirect reacting 
variety (Fig. 1). Less than 1 per cent methemoglobin was detected; no sulfhemoglobin was 
present. The Donath-Landsteiner test was negative for paroxysmal cold hemoglobinuria, and 
the erythrocyte cold agglutinin titer was within normal limits. The indirect Coombs test 
was negative and no sensitization or agglutination of normal erythrocytes was demonstrable 
with the patient ’s serum adjusted to an acid pH. No agglutination resulted from the addition 
of trypsinized normal cells to the patient’s serum. The search for agglutinins and hemoly- 
sins in the patient’s plasma specifically related to Fuadin was eompleted and verified some 





Volume 47 MECHANISM OF DRUG-INDUCED HEMOLYTIC ANEMIA 763 


Number 5 


days later; the results are described in detail below. The reticulocytes which on admission 
were 3.8 per cent had risen to 11.4 per cent by the next day, at which time the hemoglobin 
had dropped to 8.7 Gm./100 ml. 

The patient had therefore presented with a rapidly dropping hemoglobin level acholuria 
and abnormally increased degrees of hemoglobinemia, methemalbuminemia, bilirubinemia, and 
hemoglobinuria. Erythrocyte abnormalities consisted of reticulocytosis and spherocytosis 
associated with both an increase in osmotic and mechanical fragility; the erythrocytes gave 
a positive test in Coombs serum. No abnormal serum factors could be demonstrated with 
the usual techniques. On the basis of these findings, a diagnosis of acute acquired hemo- 
lytic anemia of the so-called autoimmune antibody type, etiology unknown, was made and 
the patient was started on a daily dose of 200 mg. cortisone intramuscularly. However, 
because of the obvious association in development of the hemolytic process with the read- 
ministration of Fuadin, a search of the literature was made but no examples could be found 
incriminating Fuadin in a hemolytic reaction. 
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’ Fig. 1.—Serial observations on erythrocyte, pigment, and serum agglutinating abnormali- 
ties, made during the hemolytic and’ recovery phases of patient M. M. The Fuadin-requiring 
agglutinin titer and the Coombs titer are plotted as the reciprocal of the final dilution showing 
microscopic agglutination. ‘The mechanical fragility values are plotted es percentage hemol- 
ysis for both the direct (unincubated) samples (normal range = 2.6 + 0.8%) and the samples 
following 24 hours of sterile incubation (normal range = 10.6 + 3.5%). 


As charted in Fig. 1, the hemoglobin continued to fall to a low of 8.4 Gm./100 ml. 
and the red count to 2.63 x 106/mm.3, The reticulocytes rose to a peak of 24.1 per cent on 
the sixth hospital day but during this time the urine and plasma had progressively cleared 
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until normal to the benzidine test, although the increased bilirubin pigments persisted for 
one week. The spleen was palpable only on the third, fourth, and fifth hospital days. The 
coughing and chest pain persisted for a few days after admission, as did the nausea and 
vomiting, but thereafter the patient made a very rapid and uneventful clinical recovery. 
An x-ray examination of the chest showed the cardiac silhouette to be well within normal 
limits and no evidence of a pathologic process of the chest was found. An upper gastro- 
intestinal series, small bowel examination, and barium enema revealed no abnormalities. 
Follow-up examination of the urine showed it to be clear in color, alkaline in reaction with 
a specific gravity of 1.016, and negative for albumin, sugar, bile, and acetone. No formed 
elements were seen in the spun sediment. An electrocardiogram showed a ventricular rate 
of 73/min. and was interpreted as a normal record. Blood chemistries which had shown an 
increased blood urea nitrogen on admission demonstrated a subsequent fall to 10.5 mg./100 
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Fig. 2.—Serial erythrocyte osmotic fragility determinations during the hemolytic and 
recovery phases of M. M. are plotted as percentage hemolysis versus decreasing saline tonic- 
ities. In both sections of this figure the osmotic fragility values are corrected to a pH of 
7.4, so that they are comparable one with another. The crosshatched areas represent the nor- 
mal range as determined by Emerson and associates for this method—in the lower portion of 
the figure are the determinations made following sterile incubation of the blood sample for 
24 hours; in the upper portion are the values for unincubated (0 hours) samples. 


ml, The thymol turbidity was read as less than one unit, and the cephalin flocculation test 
was negative at both 24 and 48 hours. The total protein was 9.4, albumin 6.9, globulin 
2.5 Gm./100 ml.; inorganic phosphorus 3.5 mg./100 ml.; alkaline phosphatase 12.7 King: 
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Armstrong units. Examination of a concentrated preparation from the stool revealed ova 
of Necator americanus and larvae of Strongyloides stercoralis; rare ova of Schistosoma man- 
sont were also seen, 


II. Special in Vitro Exraminations.- 


a. Agglutinating factor requiring Fuadin for activation: Special examina- 


tions for agglutinins and hemolysins in the patient’s serum revealed the follow- 
ing: a factor could be demonstrated that strongly agglutinated the patient’s 
own or normal erythrocytes; it was active only when Fuadin was present in the 
reacting system. Normal celis exposed to this serum became Coombs positive, 
but only if Fuadin was added at the time the cells were exposed to the patient’s 
serum. <A typical experiment is illustrated in Fig. 3. Tubes 1 through 4 con- 
tained the patient’s serum, but Fuadin was added only to Tubes 2 and 4. Four- 
plus erythroevte agglutination occurred in Tubes 2 and 4 whether the patient’s 
or normal red cells were used. In Tubes 1 and 3, containing no Fuadin, no 
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Fig. 3.—Sample protocol of experiment demonstrating agglutination of normal or patient’s 
cells only in the patient’s serum to which Fuadin had been added and sensitization of normal 
cells only after exposure to the patient’s serum to which Fuadin had been added. 


agglutination occurred. The agglutination was maximally developed following 
45 minutes of incubation at 37.5° C. The normal red cells from Tubes 1 and 2 
after exposure to the patient’s serum were washed four times with isotonic 
saline to remove serum and to break up the agglutination present in Tube 2 
and were then tested with Coombs serum. In Tube 1 containing no Fuadin, the 
cells remained Coombs negative while the cells from Tube 2 in which Fuadin was 
present in combination with the patient’s serum gave a strongly positive Coombs 
agelutination test, demonstrating that a factor had been adsorbed to the surface 
of the red cell membrane. (Because the patient’s cells employed in Tubes 3 
and 4 were known to be Coombs positive at the time the test was done, these 
cells were not tested for sensitivity following exposure to the patient’s serum.) 
Control tests were done at the same time (Tubes 5 through 8) with use of a 
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normal serum; no agglutination was demonstrable either with or without Fuadin, 
and the normal cells did not become sensitized, i.e., they remained unagglu- 
tinated upon subsequent Coombs test. A factor was therefore demonstrated 
in the serum of this patient which agglutinated his own or normal erythrocytes, 
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Fig. 4.—Structural formulas of Fuadin and ac agua representing component parts of the 
molecule. 


but only when Fuadin was present. Normal cells exposed to the patient’s serum 
became Coombs positive, but only if Fuadin had been added. It was possible 
to demonstrate that this agglutinin was nondialyzable, that it was not signifi- 
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cantly influenced by pIL (6.5 to 7.8) or temperature alterations (4° to 37° C.), 
and that it remained active in serum heated to 56° C. for 30 minutes. A con- 
centration of 0.0018 mg. of Fuadin per milliliter of serum was required to demon- 
strate agglutination; concentrations of Fuadin up to 0.03 mg./ml. progressively 
inereased the intensity of the agglutination, but amounts greater than this 
neither increased the titer of the agglutinin nor inhibited it. As illustrated in 
Fig. 1, this Fuadin-requiring agglutinin was originally active in a 1:1,024 dilu- 
tion of the patient’s serum, but concomitant with hematologic recovery the titer 
vradually fell until the agglutination was demonstrable only to a dilution of 
1:16; this decline in titer occurred during a period of approximately 60 days. 
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: Fig. 5.—Sample protocol of experiment demonstrating that sodium catechol disulfonate 
is able but that neither tartar emetic nor catechol are able to substitute for Fuadin in acti- 
vating the abnormal serum factor. 


b. Chemical structure of compounds required for activation of the agglu- 
tinating factor: The chemical structure of Fuadin is illustrated in Fig. 4. It 
is a trivalent antimony compound linked through oxygen to two substituted 
catechol rings. The activation of the agglutinating factor by various com- 
ponent parts of this molecule is illustrated in Figs. 4 and 5, in which normal 
cells were exposed to the patient’s serum to which substances representing 
parts of the Fuadin molecule were added. As demonstrated in Tubes 1 and 2, 
Fuadin is required for agglutination and sensitization of the normal red cells 
exposed to the patient’s serum; normal red cells in normal serum (Tubes 3 and 
4) showed no agglutination or sensitization with or without the presence of 
Fuadin. When tartar emetic, a trivalent antimony compound linked through 
Oxygen, was substituted for Fuadin (Tubes 5 and 6), no agglutination or 
Sensitization could be demonstrated. Similarly when catechol was tested (Tubes 
7 and 8), no agglutination or red cell sensitization occurred. However, when 
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sodium eatechol disulfonate* was employed in place of Fuadin on an equimolee- 
ular basis (Tube 9), strong agglutination and sersitization of the red cells 
took place. There was no agglutination or sensitization in Tube 10 containing 
normal serum, normal red cells, and the sodium catechol disulfonate. This 


demonstrated that the entire Fuadin molecule was not necessary for the activa- 


tion of the agglutinating factor. 
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© Heoted ot 56°C for 30 min. 


@ PAROXYSMAL NOCTURNAL HEMOGLOBINURIA 
Fig. 6.—Sample protoccl of experiment demonstrating that the abnormal serum factor 
possessed hemolytic activity directed against trypsinized normal erythrocytes and erythrocytes 


from a subject with paroxysmal nocturnal hemoglobinuria only when Fuadin was present in 
the reacting system with the patient’s serum that had not been heat inactivated. 


e. Hemolytic factor requiring Fuadin for activation: In none of the react- 
ing systems described above was hemolytic activity demonstrated with use of 
either the patient’s or normal red cells. Accordingly, use was made of both 
trypsinized normal red cells and red cells from a patient with paroxysmal noc- 
turnal hemoglobinuria—erythrocytes which are known to be more sensitive 
indicators for various hemolytic systems.‘ In Fig. 6 it is demonstrated that 
only when the patient’s unaltered serum was allowed to react with trypsinized 
normal red cells in the presence of Fuadin (Tube 5) did hemolysis result. If 
normal serum was used, if the patient’s serum was heated at 56° C. for 30 
minutes, or if Fuadin was not present, no hemolysis took place. The same con- 
ditions were requisite for lysis of erythrocytes from a patient with paroxysmal 
nocturnal hemoglobinuria. Thus, a hemolytic serum factor was demonstrated 
which required Fuadin and presumably serum complement for its activity. 


*Kindly supplied by Dr. A. Scribner of Winthrop-Stearns, Inc., New York. 
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Attempts to demonstrate that the serum factor was active against. leuko- 
cytes or platelets were consistently negative. Antileukocytie activity was tested 
by the method of Dausset, Nenna, and Bracy’’ and antiplatelet activity by the 
methods of Harrington** and Griggs.”* 


III. Recovery Phase.— 

The patient had therefore presented the signs, symptoms, and laboratory 
findings of an acute hemolytic anemia characterized by erythrocyte, pigment, 
and serum abnormalities. The subsequent changes during hematologic recovery 
are outlined in Fig. 1, wherein it can be seen that shortly following admission 
the reticulocytes reached their peak of approximately 25 per cent and then de- 
creased to the normal range which they reached in approximately 30 days. 
After the initial drop in hemoglobin there was very rapid regeneration, a level 
of 14.5 Gm./100 ml. having been reached on the twenty-fifth hospital day. The 
hemoglobinuria cleared rapidly in approximately 48 hours and by the sixth 
day the plasma hemoglobin was within normal limits. The total and indirect 
reacting bilirubin decreased in a similar fashion lagging the plasma hemoglobin 
by approximately one day. The Coombs titer fell progressively from its high of 
1:2,048 and became negative on the seventieth hospital day. The Fuadin- 
requiring agglutinin which was initially demonstrable in a 1:1,024 dilution of 
the patient’s serum decreased in amount progressively until on the seventy- 
fifth hospital day it was detectable only up to a 1:16 serum dilution. The 
serial changes relative to time in both the unineubated erythrocyte mechanical 
fragility (direct mechanical fragility) and the mechanical fragility following 
24 hours of sterile incubation are also shown in Fig. 1; the unineubated mechani- 
eal fragility which was markedly abnormal at 30 per cent on admission fell 
progressively and reached the normal range by approximately the thirty-fifth 
hospital day. However, the incubated mechanical fragility was not demon- 
strated to be normal until approximately the sixtieth hospital day. The serial 
changes in the erythrocyte osmotic fragilities are shown in Fig. 2; in the upper 
portion are shown the corrected osmotic fragility curves done immediately after 
the blood sample was obtained from the patient (0 hour) and in the lower half 
of the figure are shown the results of the corrected osmotie fragility of the 
blood following 24 hours of sterile incubation. No additional follow-up studies 
were possible on this patient because shortly following discharge he returned to 
Puerto Rico. 

IV. Special in Vivo Examinations.— 

a. Passwe transfer of Fuadin-requiring agglutinin: On the fifty-fourth 
hospital day, at which time the Fuadin-requiring agglutinin titer was demon- 
strable only to a dilution of 1:32 of the patient’s serum, venesection of 600 ml. 
of blood was performed. Three hundred milliliters of the patient’s plasma 
were transfused into a hematologically normal recipient, as illustrated in Fig. 7. 
In the control period prior to the plasma infusion the recipient’s erythrocytes 
were negative to the Coombs test and no Fuadin-requiring agglutinin was 
demonstrable in the recipient’s serum. Immediately after the plasma infusion, 
the normal recipient’s erythrocytes remained unagglutinated by the direct 
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Coombs test; however, a Fuadin-requiring agglutinin was demonstrable at a 
dilution of 1:8 of the recipient’s serum. Thus, passive transfer of the agglutinin 
had been effected and it was thereafter found to be present for a total of 26 
days in detectable amounts. 

b. In vivo activation of Fuadin-requiring agglutinin: Five days after 
the plasma infusion the recipient was given 5 ml. of Fuadin containing 
8.5 mg. of trivalent antimony (63 mg. Fuadin) per milliliter. Although 
hemoglobinemia and bilirubinemia did not develop and the erythrocyte os- 
motie and mechanical fragilities were not significantly altered, gross erythro- 
cyte agglutination was demonstrable and the recipient’s cells became Coombs 
positive. There was an abrupt drop in the titer of the circulating Fuadin- 
requiring agglutinin. Before injection of the drug it was detectable in a 1:16 
dilution of the recipient’s serum; following injection in a 1:4 dilution. 


HEMATOLOGICALLY NORMAL RECIPIENT 


PERIOD COOMBS TEST|FUADIN-REQUIRING AGGLUTININ 





CONTROL 


<——— 300 mi PATIENT'S 
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PLASMA 
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FUADIN 3+ 











Fig. 7.—Demonstration of passive transfer of the abnormal factor to a hematologically 
normal recipient and its subsequent in vivo activation by the administration of Fuadin to the 
recipient three days after the plasma in fusion. 


INTERPRETATION 


The patient described above is considered to have had an acute acquired 
hemolytic anemia of the so-called autoimmune antibody type secondary to drug 
administration. It was possible to demonstrate in the serum of this patient 
the following unique activities which required the presence of the Fuadin for 
expression: (1) an erythrocyte agglutinating activity, (2) an erythrocyte 
sensitizing activity (normal cells were agglutinated in Coombs serum after 
exposure to the patient’s serum), and (3) a hemolytie activity (demonstrable 
only by the use of erythrocytes from a patient with paroxysmal nocturnal hemo- 
globinuria, or trypsinized normal erythrocytes). It was not possible to demon- 
strate that these activities could be directed against either leukoeytes or 
platelets. The in vivo manifestations of these activities were indicated by the 
titer of the Coombs test, the abnormalities of the erythrocytes with respect to 
the osmotic and mechanical fragility tests, and the pigment abnormalities sec- 
ondary to inereased erythrocyte destruction. 
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Further in vivo evidence of the dependence of the serum activities upon 
the presence of Fuadin for activation was provided by the study demonstrating 
(1) passive transfer of the agglutinin to a hematologically normal recipient and 
(2) no sensitization of the recipient’s erythrocytes to the Coombs test and 
no erythrocyte agglutination until Fuadin had been administered to the recipient. 
When the red cells became Coombs positive, gross agglutination was demon- 
strable and there was an abrupt drop in the titer of the circulating Fuadin- 
requiring agglutinin. This combination of in vitro and in vivo manifestations 
of a serum factor requiring the presence of Fuadin for its activation is con- 
sidered evidence for the etiologic role of the Fuadin in the production of this 
hemolytic episode. It is difficult to assay the effect of cortisone in this 
situation; however, there is no direct evidence that it played any significant 
role in the recovery of this patient from his hemolytic episode, for in all 
probability the disease was self limited in character following cessation of the 
Fuadin therapy. 

DISCUSSION 

Ackroyd! has conclusively demonstrated that when thrombocytopenia results 
from Sedormid sensitivity, the in vitro addition of Sedormid to blood during 
the recovery period caused agglutination of platelets. In the presence of 
complement, lysis of the platelets occurred. Both these reactions were dependent 
on a plasma factor presumed to be antibody in nature that appeared in the 
blood of the sensitized patients. These observations have now been extended to 
include purpura secondary to various other chemicals. Recently Steinkamp 
and associates** described similar results obtained in a patient who developed 
thrombocytopenia because of a sensitivity to quinine. In addition to the in 
vitro demonstration of platelet agglutination and lysis and the experimental 
production of purpura by a test dose of quinine administered to the sensitized 
subject, thrombocytopenia was induced in a normal subject by giving him 
quinine by mouth and a transfusion of the patient’s plasma. Thus the eritical 
role of the chemical in the pathogenesis of some drug-induced thrombocytopenic 
purpuras has been well established both on a clinical basis and on confirmatory 
laboratory evidence. 

The pathogenetic role of chemicals in antileukocytie factors is at present 
less convineingly defined, because the immunology of the leukocyte series in 
man is still being developed and the techniques now available require consider- 
able extension. However, Moesehlin and Wagner*? and Moesehlin®?® have de- 
scribed leukocyte agglutinins in leukopenias and agranulocytoses associated with 
pyramidon and sulfapyridine. They were able to demonstrate that the serum 
from a patient with agranulocytosis showed strongly positive agglutination with 
leukocytes of a similar blood group. During the recovery phase the serum 
showed no agglutination, but the addition of the offending drug produced definite 
agelutination. j 

Autoagglutination has been reported in some instances of drug-induced 
hemolytic anemias. Formerly this autoagglutination was thought to have been 
mediated through an action of the drug.® *” 4° However, it is now generally 
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concluded that in nearly all the reported instances in which the autoagglutinins 
were observed in association with hemolytic anemia, the serum factors were 
undoubtedly cold agglutinins that had developed during the infection’ and 
were not specifically related to the drug administration. In 1953 Snapper, 
Marks, Schwartz, and Hollander**’ reported a patient who developed a hemo- 
lytic anemia associated with leukopenia and thrombocytopenia while taking the 
antiepileptic drug Mesantoin. The points of interest presented by this case 
were a positive Coombs test and the demonstration of autoagglutinins and 
panagglutinins whose titers could be correlated with the severity of the disease 
process. The exact function of the drug in relation to the hemolytic process 
cannot be determined since no in vitro or in vivo evidence was presented 
concerning the role of the drug as a critical factor in either the production of 
the antibodies or in the expression of the activities of the various serum abnor- 
malities. Davidsohn and Spurrier"! mention a patient with acquired hemolytic 
anemia characterized by a positive direct Coombs test and a positive indirect 
Coombs test when papain-treated red cells were employed. This hemolytic 
process they describe as ‘‘possibly due to the toxie effect of chloramphenicol.”’ 
Agnisetta*® has described a patient with acute hemolytic anemia secondary to 
TNT and presents evidence concerning the development and disappearance of 
antibodies during one hemolytic episode. The direct and indirect Coombs 
tests were negative. 

In all these instances it has been presumed that the chemical acts as a 
pro-antigen, which in combination with the formed element of the blood causes 
autoimmunization. It can be conceived that minor variations induced by the 
drug in the structure of the formed element may by bonding, chemical altera- 
tions, or exposure of deep antigens, impart new antigenic properties so that 
antibody production could then ensue. However, in none of the instances 
reporting a drug-induced hemolytic process has the critical evidenee been 
supplied to support the hypothesis that the abnormal antibodies were formed 
either from a direct or indirect effect of the toxic substance on the erythrocyte 
or that antibodies had been formed that required the presence of the drug for 
their activity on in vitro or in vivo testing. Because of the demonstration that 
the serum factors were dependent for activity upon the presence of the drug 
both by in vivo and in vitro tests, in the patient reported here there seems 
little doubt that the chemical agent was etiologically related to the production 
of the hemolytic process. 

It is possible that a chemical such as Fuadin, Mesantoin, or phenylhydrazine 
might so alter the surface of the red cell that it would become antigenic by 
chemical action upon the surface proteins, by combination with the surface 
proteins or by exposing deep antigens otherwise presumed hidden. However, as 
yet there seems to be no unequivocal evidence in favor of this type of hypoth- 
esis in relation to the hemolytic anemias in man. If antibodies are formed 
as a result of an antigenic alteration of the patient’s own erythrocyte, it is 
difficult to understand why normal erythrocytes should be so readily acted 
upon in vitro and in vivo. Any antibody produced by such a mechanism would 
have to be of relatively low specificity if it is to affect normal cells. If the 
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nonspecific type of antibody were developed as the result of the exposure of 
deep antigens, it is somewhat difficult to understand why normal red cells should 
be agglutinated, sensitized, or hemolyzed by such antibodies. Nevertheless, the 
experimental studies of Wagley and Castle,*’ and Liu and Evans** have shown 
that under exceptional circumstances, manipulation or modification of the 
erythrocytes in vivo or in vitro may make them autoantigenic. 

Although there is no direct experimental evidence, an alternate possibility 
exists that in a sensitized individual the administration of the offending drug 
may induce the formation of abnormal proteins; and that in the special instances 
in which hemolytic anemia occurs, the abnormal proteins have a configuration 
conferring upon them agglutinating or hemolyzing activities directed against 
erythrocytes. Erythrocyte cold agglutinins with rise in titer in virus atypical 
pneumonia, the cold hemolysin responsible for the Donath-Landsteiner reaction 
in paroxysmal cold hemoglobinuria secondary to infections, and the various 
serum factors which are knewn to occur in neoplastic diseases, such as lymphatie 
leukemia and Hodgkin’s disease, are examples of substances which have agglu- 
tinating or hemolytic activity directed against human erythrocytes. Based 
upon the present available evidence, it would seem just as reasonable to conclude 
that such apparently diverse stimuli as drug sensitivity, infections, and neo- 
plastie diseases could produce antierythroeyte activity through abnormal protein 
production (such as has been demonstrated to occur) as by the alteration of the 
antigenic property of the red cell and the consequent production of autoanti- 
hodies. 

SUMMARY 


1. A patient is reported in whom an acute hemolytic episode developed 
during the readministration of Fuadin. The patient’s erythrocytes gave a 
positive antiglobulin test. 

2. The serum of this patient contained a factor (or factors) capable of 
(a) agglutinating the patient’s or normal red cells, (b) sensitizing normal red 
cells so that they became positive upon Coombs testing, (¢) hemolyzing both 
trypsinized normal red cells or the red cells from a patient with a paroxysmal 
nocturnal hemoglobinuria in serum which had not been inactivated by heat. 

3. None of the above activities could be demonstrated unless the drug 
Iuadin or a chemically related compound was added to the reacting systems. 

4. The Fuadin-requiring agglutinin was passively transferred to a hemato- 
logically normal recipient in whom it was detected for a total of 26 days. 

5. The passively transferred agglutinin could be activated in vivo by the 
administration of Fuadin to the normal recipient producing sensitization of 
the normal erythrocytes of the recipient, as evidence by a positive Coombs test. 

6. The hypotheses for the possible modes of production of the abnormal 
serum faetors are presented and discussed. 


We are indebted to Miss Virginia Grant and Mrs. Phyllis Fersky for technical assistance. 
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THE EFFECTS OF ISOTONIC AND HYPERTONIC SALT SOLUTIONS ON 
THE RENAL EXCRETION OF SODIUM 
SOLOMON Papper, M.D., LAWRENCE Saxon, M.D.,* Jack D. RoseNBAuM, M.D., 
AND HENRY W. CoHEN, M.D. 
Boston, Mass. 


NDER most circumstances in man, the administration of a sodium salt 

is followed by increased urinary sodium excretion. Such administration 
may be associated with an elevation of the serum sodium concentration.” * 
Natriuresis can also be readily induced by appropriate measures that expand 
the volume of extracellular fluid (ECF).* Since a change in one of these 
factors is frequently associated with a concomitant change in the other, it is 
difficult to define the role of each in causing the increase in renal sodium ex- 
cretion. 

The present study was designed to obtain information concerning the rela- 
tive importance of an acute increase in ECF volume and an acute increase in 
serum sodium concentration under conditions when both may be operative. 
Augmentation of the renal excretion of sodium induced by intravenous infusion 
of isotonic saline solution in normal men was compared with the inerease conse- 
quent to the administration of a hypertonic solution. The results suggest that 
changes in volume and in serum sodium concentration were of similar importance 
under the experimental conditions. 


METHODS 


The subjects were eight normal adult men whose dietary intake had been unrestricted 
J § ; 

prior to the period of study. For at least three days prior to the experimental period, each 
subject was given a diet calculated to provide 140 weq of sodium daily. Each experiment 
was begun after the subject had taken a breakfast which included 500 ml. of fluid. A 
“normal” state of hydration was reflected by a rate of urine flow greater than 1.0 ml. per 
minute during at least two hours of control observation, after which 338 peq of sodium 
chloride was given over a 90-minute period. Each of the eight subjects received the 
sodium chloride as 2,200 ml. of 0.9 per cent saline (154 weq per liter) on one occasion and 
as 400 ml. of 5 per cent saline (850 weq per liter) on another. In addition, five of the 
subjects received the same quantity of sodium on a third occasion as an “isotonic- 
balanced” solution containing sodium 154, chloride 129, and bicarbonate 25 peq per 
liter. The subjects remained recumbent throughout the experimental period except while 
voiding. Urine was obtained at 30-minute intervals for two and one-half hours after the 
infusion was terminated. Venous blood was obtained at the start of the infusion, 45 
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minutes later, at the end of the infusion, and at the termination of each experiment. 
Urine and blood samples were analyzed for their sodium, potassium, chloride, and creatinine 
content. Analytic methods and formulae for calculation of changes in plasma volume 
have been previously described,5, 6 except that serum proteins were done by the biuret 
reaction.?7 Change in chloride space from the beginning to the end of the infusion was 
calculated from serum chloride concentrations and chloride balance, assuming initial 
chloride space to equal 20 per cent of body weight. 


RESULTS 

1. The 5 per cent saline infusion produced a greater rise in serum sodium 
than did the 0.9 per cent solution during the period of infusion and the chloride 
space was inereased more after the 0.9 per cent infusion (Fig. 1). Changes 
after ‘“‘isotonic-balanced” infusions (not shown in the figure) were very similar 
to those following the 0.9 per cent salt solution. 
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Fig. 1.—Changes in serum sodium concentration, A(Na)s, and chloride space, A(Ve1i), associ- 
ated with the infusion of isotonic (crosses) and hypertonic saline (closed circles). 


2. In six of the eight subjects, the 0.9 per cent saline infusion evoked as 
great or greater natriuresis than did the 5 per cent solution (Table I, Fig. 2). 
In these instances, the maximal rates of sodium excretion and the time interval 
before the onset of maximal natriuresis were quite comparable. Subjects 7 and 
8, on the other hand, exhibited a greater increase in sodium excretion after the 
hypertonic infusion. The “isotonic-balanced” solution elicited as great a 
natriuretic response as 0.9 per cent saline in Subjects 3, 4, and 7 and a less 
marked response in Subjects 1 and 6 (Table I). The precise patterns of sodium 
excretion showed considerable variation from subject to subject. Thus rates of 
Sodium exeretion prior to the infusion varied appreciably and the proportion of 
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the administered load exereted during the period of study varied from 16 to 48 
per cent. The experiments in Subjects 1 and 6 are presented in detail in Figs. 
3 and 4, respectively. In Subject 1, the rate of sodium exeretion had begun to 







decline during the course of observation, while in Subject 6 sodium excretion re- 






mained high throughout the experimental period. 









TABLE I. ELECTROLYTE EXCRETION BEFORE AND AFTER INFUSION OF SODIUM SALTS 





























1 ‘PREINFUSION® | __POSTINFUSIONt _| CHANGE IN RATE} 
SUB- | | | Fie, Cor | 

JCP na] K | a for} xa | x | a |omy|_xa | K | a 

eee. | uxpusare __BEQ/MIN. MIN.) | HEQ/MIN. | MIN.) | HEQ/MIN. 

l 0.9% 293 60 .r4 128 646 90 614 129 353 30 340 

5% 361 - 68 139 674 95 621 134 313 ot 265 

Balaneed 413 67 sol 131 546 59 418 135 iso -8 a2 

2 0.9% 81 74 137 108 255 | 101 324 103 170 27 187 

2% 180 87 244 128 326 86 BYES 119 146 -l 131 

3 0.9% 100 is 102 120 216 74 226 123 116 ] 124 

5% 114 68 139 ELS} E 22: 63 268 130 109 -5 129 

Balaneed 153 65 138 133 257 9] 194 123 104 26 64 

4 0.9% 436 81 413 162 719 124 749 161 283 43 336 

5% 314 165 252 134 SEP 132 583 146 238 -33 Bol 

Balanced 215 116 224 154 Say 166 482 162 322 50 258 

5 0.9% 172 63 181 147 642 98 680 146 470 35 499 

5% 99 74 143 122 436 168 528 138 Sor 94 385 

6 0.9% E 77 116 156 369 74 403 160 247 -3 287 

5% 123 80 139 145 378 143 421 151 255 63 283 

Balanced 182 59 149 149 334 fps 264 164 152 16 145 

7 0.9% 189 136 193 a31 281 84 313 128 92 -52 120 

5% 147 123 158 130 297 108 SoD 137 150 -15 175 

Balanced 164 152 157 133 249 126 201 134 85 -26 44 

8 0.9% 106 66 92 105 369 78 379 109 263 12 287 

5% 179 88 196 129 541 17] 629 126 362 83 433 











*During 60-100-minute control period preceding infusion. 
yAverage over 4-hour period during and after infusion. 
tIncrement above preinfusion rate. 







3. The chloruretie response to 0.9 per cent saline infusion was as great or 
greater than the response to 5 per cent saline in 6 of the 8 subjects and smaller 
in two. However, chloride excretion was less after the “isotonic-balaneed” in- 
fusion than after 0.9 per cent saline in all 5 subjects, regardless of the effect upon 






sodium exeretion. 





4. Despite a transient rise in potassium exeretion during maximum 
natriuresis (Bunge phenomenon) in almost all experiments, potassium excretion 
followed no consistent pattern (Table I). 







5). Transient water diuresis (inerease in urine flow with a fall in urine 
sodium concentration) occurred in three subjects following isotonic saline in- 
fusion, as reported by others, and in two in response to the balanced solution.” * 
Two additional subjects exhibited an increase in urine flow without change in 
urine sodium concentration after the 0.9 per cent salt infusion. 








6. Infusions of 0.9 per cent saline did not result in any significant change 
in creatinine clearance (Table I). In Subjects 4 and 5, the hypertonic infusion 
was followed by a definite rise in creatinine clearance (Table I). In the other 
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Fig, 2.—Increment in sodium excretion following isotonic and hypertonic saline infusions. 


£ 
E 
Bec 
Cc 
e 
=o 
25 
Qe 
o~ 
nz 
uo 
os. 
w Ww 
Fo 
«to 
cx 
Ww 


RATE OF SODIUM 
EXCRETION (micro eq/min.) 


900 





800 





' 
' 
is bak a Ss a oan 


700 

















600 





500 








400 





300 | 5% SALINE 
__infusion _ 
200 o ‘i 0.9% SALINE 








100 


4 








HOURS 


3.—Sodium excretion following isotonic and hypertonic saline infusions in Subject 1. 
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4.—Sodium excretion following isotonic and hypertonic saline infusions in Subject 6. 
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subjects alterations in the clearance of creatinine following the hypertonic in- 
fusion were absent or very minor. Subject 3 manifested a decrease and Subject 
6 an inerease in creatinine clearance after the ‘*isotonic-balanced”’ infusion. 





7. Changes in plasma volume were estimated in each experiment from 
serial determinations of serum protein as well as from hemoglobin and hematocrit. 
In most experiments, an increase of 0.4 to 0.8 liters was observed. No apparent 
difference was noted among the three solutions. 


DISCUSSION 


The hypertonic infusion caused a considerable increase in sodium eoncentra- 
tion with a small increment in chloride space, whereas the 0.9 per cent saline 
produced a large increase in ECF volume, with a less striking augmentation 
in serum sodium concentration. The data indicate that the infusion of isotonic 
sodium chloride evoked as great a natriuretic response as did the hypertonic solu- 
tion. Hence, the present study confirms other observations that changes in ECF 
volume are important in the regulation of sodium exeretion. Moreover it sug- 
gests that the expansion of ECF volume is as effective a stimulus for increasing 
the rate of sodium exeretion as is a rise in serum sodium concentration under 
the experimental conditions deseribed. It seems unlikely that the data are ex- 
plicable on the basis that salt loads of this magnitude, no matter how adminis- 
tered, provide a “maximal” stimulus which elicits a “maximal” natriuretic 
response. To be sure, it is conceivable that even the small inerease in serum 
sodium concentration obtained with isotonic saline might provide a maximal 
stimulus for salt excretion. The greater expansion of ECF volume would then be 
unnecessary to produce exeretion rates essentially similar to those evoked by 
hypertonic infusion. Conversely the small ECF volume expansion following 
hypertonie salt infusion, might provide a maximal “volume stimulus.” This 
argument obviously could not obtain in those instances where the different in- 
fusions resulted in strikingly different postinfusion rates of sodium excretion. 
Moreover it is well recognized that increments in serum sodium concentration 
significantly greater than those produced by the isotonic infusions may be asso- 
ciated with little »r no natriuresis.° 

Information concerning the mechanisms by which an increase in ECF volume 
and an inerease in serum sodium eoneentration produce natriuresis is inecom- 
plete. Although the present experiment is designed primarily to study the 
stimuli for sodium exeretion, rather than the mechanism of the renal response, 
some discussion of the latter may be pertinent. If the clearance of creatinine 
(Ce,) is taken as an index of glomerular filtration rate (GFR) changes in the 
latter probably cannot account for the results obtained. There was little if any 
significant change in Ce, after the isotonic infusion, consistent with the results 
reported by Crawford and Ludemann,’® and Wiggins and associates,’ who used 
inulin clearance as a measure of GFR. Crawford and Ludemann also reported 
no consistent change in GER after hypertonic saline in six subjects, while other 
data indicate at least a transient increase in GFR following the administration 
of strong salt solutions.’® '*-'* In two of our subjects (4 and 5) the hypertonic 
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infusion was followed by a definite rise in Co,. Despite this increase, a greater 
natriuretic response followed isotonic saline infusion in these two subjects. There 
was no consistent change in Co, after the “isotonic-balanced” infusion. In these 
experiments as in the others, sodium excretion appeared to be unrelated to 
changes in creatinine clearance. Moreover, even though the filtered load must 
have risen when hypertonic saline was given (in the absence of a concomitant 
fall in GFR), it does not follow that the increased excretion was a direct conse- 
quence of the increased amount filtered. The stimulus of concentration change, 
as well as that of volume change, may act primarily upon tubular reabsorptive 
mechanisms. The means by which volume changes influence tubular activity are 
unknown, but it seems fairly clear that such a mechanism participates in the 
regulation of sodium excretion in both acute and chronic experimental cireum- 
stances,* 9 15-17 

The experiments with the “isotonic-balaneed” solution were undertaken to 
decrease the distortion of the composition of the extracellular fluid imposed by 
an infusion containing equal amounts of chloride and sodium ions. Our observa- 
tions were less uniform than those of Wiggins and co-workers, who reported 
several similar experiments with a small but consistently more striking natriuretic 
and chloruretic response to a balanced solution of slightly different composition. 
While no definite conclusions can be based upon our experiments with the 
balanced solution, it does appear that the influence of the anion composition is 
quite variable and may not be inferred from these studies. 


CONCLUSIONS 


1. The renal excretion of sodium in response to the rapid infusion of 338 
peq of sodium administered as 0.9 per cent and 5 per cent saline was studied in 
each of 8 normal subjects. An additional experiment infusing 338 eq of 


? 


sodium as an “isotonic-balaneed” solution of chloride and bicarbonate salts was 
performed in 5 of the 8 subjects. 

2. The natriuretic and chloruretie response to the isotonic saline infusion 
usually equalled or even exceeded that following the hypertonic infusion. The 
difference appears to be independent of alterations in GFR. 

3. The “isotonic-balaneed” infusion evoked as great a natriuretic response as 
the 0.9 per cent saline in 3 of the 5 subjects. 

4. The data presented are consistent with the view that both increased 
serum sodium concentration and increased ECF volume may be followed by an 
augmentation of the rate of sodium exeretion. It is further suggested that these 
two natriuretic factors were of similar importance under the experimental condi- 
tions reported. 

We wish to acknowledge the technical assistance provided by Miss Miriam Halpin, Miss 
Ellen Vaznelis, and Mrs. June Rosenberg. 
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ANTIBACTERIAL ACTIVITY OF STREPTONIVICIN AND 
CATHOMYCIN, TWO NEW ANTIBIOTICS 


Wirrep F. Jones, JR., M.D., Roger L. Nicnois, M.D., anp 
MAXWELL FINLAND, M.D. 
Boston, Mass. 


WITH THE TECHNICAL ASSISTANCE OF CLARE WILCOX AND ANN NAJARIAN 


sity ont is a new antibiotic discovered and developed in the re- 
search laboratories of The Upjohn Company; it is produced by Strepto- 
myces niwveus, a new snecies. Cathomyecin is also a new antibiotic produced 
from a previously unknown species of microorganism isolated in the labora- 
tories of the Chemical Division of Merck & Co., Inec., and named Streptomyces 
spheroides. Data concerning various aspects of the physical, chemical, and 
biologie properties of these antibiotics will be made available by workers in 
these respective laboratories. Samples of these two antibiotics, in the form 
of the crystalline monosodium salts in each instance, were made available for 
laboratory studies and more recently for clinical trial.* This paper deals only 
with data obtained in this laboratory concerning the in vitro activity of both 
of these antibiotics against various species of aerobic bacteria. 

Susceptibility of Different Organisms.—The values for the sensitivity of a 
number of different strains of several important species of bacteria, most of 
them recently isolated from patients at this hospital and some that have been 
employed in other recent studies in this laboratory are shown in Table I. The 
tests for sensitivity were done on the surface of a series of plates of heart-in- 
fusion agar (Difco), pH 7.2+, containing twofold dilutions of each of the anti- 
bioties. Defibrinated horse blood, 10 per cent, was added to the agar in tests 
of fastidious organisms, namely, pneumococci, various Streptococci, Pasteurella, 
Hemophilus, and Neisseria; strains of the latter were incubated under in- 
creased CO, tension (in candle jars). The inoculum was a 2 mm. loopful of a 
fresh, fully grown broth culture. Incubation was carried out at 37° C. Only 
the readings made at 24 hours are given in the table, except for the strains 
of Neisseria and Hemophilus, for which the 48-hour readings are listed. The 
tests with most of the strains were done with both antibiotics simultaneously, 
but some of the strains were tested with streptonivicin and cathomycin at dif- 
ferent times. The highest concentration of antibiotics used in these tests was 
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re, Boston City Hospital and the Department of Medicine, Harvard Medical School, Boston, 
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400 meg. pex milliliter. The minimum inhibiting coneentration was generally 
defined as that in which no growth was visible with the aid of a hand lens, 
but for strains that yielded visible growth in the presence of the highest con- 
centration, the MIC is listed as ‘* >400’’; this does not imply that higher con- 
centrations were necessarily inhibitory. 

Except for the strains of Pseudomonas aeruginosa, the growth of all strains 
tested was inhibited in varying degrees by both antibiotics in the media used. 
The strains of Micrococcus aureus were the most susceptible; they were the most 
uniformly sensitive and there was only a narrow range of concentrations over 
which partial inhibition occurred, as evidenced by the difference between the 
MIC and the maximum concentration in which growth was equal to that of 
the control culture in antibiotic-free media (GEC). The various coliform or- 
ganisms were the least sensitive and they showed a wide range of partially in- 
hibitory concentrations. The widest range of such partially inhibiting concen- 
trations, however, was exhibited by the various streptococcal species, particu- 
larly Streptococcus pyogenes. Observations were also made at 48 hours for all 
strains but, except for Neisseria, the results are omitted from the table for the 
sake of brevity; they were, in general, the same as at 24 hours or varied only by 
a single twofold dilution. 

In almost every instance the results obtained with the two antibiotics were 
the same within the limits of the method; this was true regardless of whether 
the tests were done with both antibiotics simultaneously or at different times. 

An additional group of 35 organisms obtained from several patients before 
or during treatment of urinary tract infections with streptonivicin were tested 
and found to give results similar to those shown in Table I. In 2 patients, 
strains of Proteus were cultured before treatment and could not be obtained 
from some of the cultures taken during treatment, but they eventually reap- 
peared either while the streptonivicin administration was being continued or 
after it was stopped. In a third patient, however, the Proteus was rapidly 
cleared and no organisms could be cultivated from urine obtained during treat- 
ment and from follow-up cultures. There was no significant or uniform change 
in the susceptibility of successive strains of the same species isolated at differ- 
ent times from the same patient; the data, however, are inadequate to indicate 
any trend in this respect. 

Effect of Blood and Serum.—When 10 per cent of either defibrinated horse 
blood or of horse serum was added to the agar in the sensitivity tests, the MIC 
of both streptonivicin and cathomycin for several strains of M. aureus was in- 
creased two- or fourfold; 5 per cent horse serum had a smaller and less regu- 
lar effect. Increasing concentrations of horse serum in broth resulted in a 
progressive increase in the MIC for M. aureus, 209P (Table II). Essentially 
identical results were obtained with both antibioties. 

Effect of pH.—Increasing the acidity of broth medium resulted in a pro- 
gressive increase in the activity of the antibiotics against M. aureus, 209P 
(Table I11). <A similar effect was shown against a strain of Proteus: for that 
strain the MIC at pH 8.1 was 32-fold greater than at pH 5.4. Here again, both 
antibiotics exhibited almost identical effects. 
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Kffect of Size of Inoculum.—Inereasing the size of the inoculum in tests 
done in broth with M. aureus, 209P (Table 1V) resulted in a progresive increase 
in the MIC of the antibioties, and again the results were similar with both 
antibiotics. In this instance the tests with the two antibiotics were done at 
different times and the seed cultures grew to different densities, but the re- 
sults were accordingly affected in the same manner by the different numbers of 


TABLE II, Errect oF HORSE SERUM ON ACTIVITY OF STREPTONIVICIN AND 
CATHOMYCIN ON M, AUREUS, 209P IN BroTH 























SERUM | ANTIBI- CONCENTRATION OF ANTIBIOTIC, MCG. PER ML. 
(%) otic* |METHODt] 63 | 3.1 | 16 | 08 | O04 | O02 | 01 | 0 
(50 SN A Ot 0 +++ +++ 
B 0 +++ +++ 
C 0 +++ +++ +++ 
CM A 0 0 +++ spe cect 
B 0 0 +++ 
C 0 +4 +++ +++ 
20 SN A 0 0 ++ ++4 
B 0 0 +++ 
C 0 0 aes t+4 
CM A 0 0 +++ ++4 
B 0 0 +++ 
C () 0 +++ ++4 
10 SN A 0 0 +++ +++ 
B vy) + +++ 
C 0 + +++ +++ 
CM. A 0 0 +++ +44 
B 0 0 ++4 
C 0 0 +++ +++ 
5 SN A 0 0 + +++ +44 
B 0 0 ++ +++ 
C 0 0 +++ +++ +++ 
CM A 0 0 0 +++ +44 
3 0 0 ns roe 3 
C 0 0 ++4 +++ +44 
0 SN A 0 0 + +++ 
B U 0 +++ 
C 0 ++ +++ +++ 
CM A 0 0 + +++ 
B 0 0 +++ 
C 0 + +++ +++ 
*SN = streptonivicin; CM = cathomycin; tests with both antibiotics were done simul- 


taneously, 
+A = visible growth after 24 hours; B = same after 48 hours; C = growth on agar after 
subculture of B. 


+0 = no visible growth; +, ++, and ++4 indicate degrees of visible growth. 


Tnocvlum = 14 x 10° organisms per ml.; the medium was brain-heart infusion broth 
(Difco), pH 7.2+. 


organisms used in the inocula. In contrast to the results obtained in broth, the 
MIC of the same strain of M. awreus was not affected by the number of organ- 
isms used in the agar-plate dilution method when the inoculum used varied 
rom a loopful of fully grown, undiluted culture to a similar loopful of a 10° 
dilution of the same culture; greater dilutions of the culture yielded insuffi- 
cient growth on the agar in the control plates to be useful in the tests. Identi- 
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eal results were obtained with streptonivicin and cathomycin tested at differ- 


ent times. A similar effect of inoculum size was demonstrated with a strain 







of Proteus mirabilis. 





Errect OF PH ON ACTIVITY OF STREPTONIVICIN AND CATHOMYCIN 
AGAINST STAPHYLOCOCCUS IN BROTH 


TABLE III. 



























ANTIBI- CONCENTRATION OF ANTIBIOTIC, MCG. PER ML. 
pH oTic* |METHODt;} 16 | 08 | 04 | 02 | O11 | 0.04 | 0.02 | 0O 
8.1 SN A Ot 0 +4 +++ +++ 
B 0 0 ree er 
Cc 0 + +4+4 +++ ++4 
CM A 0 0 0 ++4 ++4 
B 0 0 +++ 








0 3 eol. 





B 








C 0 +44 ++4 +++ 
CM A 0 0 0 ++4 re ee 
B 0 0 +4 a 












C 0 0 +++ +44 +4+4 





A 0 
B 0 0 0 







C 0 0 + + + ++ 4 > +4 
CM A 0 0 0 +++ ++4 
B 0 0 0 










C 0 0 ++ ++4 +++ 











A 0 0 + ++ ++ 

B 0 0 a 

& 0 0 +4 ee re oe 
CM A 0 0 4. cae i ae 

B 0 0 + roe 

C 0 + ae ae oT 













Staphylococcus FDA 209P was used in this experiment; inoculum = 3.2 x 10% organisms 
per milliliter. 








*SN = streptonivicin; CM = cathomycin. Tests with both antibiotics were done simul- 
taneously. 

+A = growth at 24 hours in brain-heart infusion broth; B = same at 48 hours; C 
growth on agar after subculture of B. 





tO = no visible growth; +, ++, and +++ indicate degrees of visible growth. 













Development of Resistance In Vitro.—Strains of M. aureus acquired resist- 
ance to the two antibiotics quite rapidly. All strains that were studied became 
resistant to the maximum concentrations used, namely 400 meg. per milliliter, 
after from 7 to 20 subeultures on agar containing increasing concentrations of 
streptonivicin; the results obtained with 6 strains of M. aureus are shown in 
Fig. 1. Four of these strains of staphylococcus were also subcultured on in- 
creasing concentrations of cathomycin with similar results, as shown in this 
figure. One strain of Type 1 pneumococcus treated in the same manner in- 
creased in resistance to streptonivicin more slowly and to a lesser degree, as 
shown in the same figure. 










Development of Resistance in a Single Culture—Haight and Finland’ 
tested the erythromycin sensitivity of individual colonies from pour-plate eul- 
tures of two strains of staphylococci grown for 48 hours in broth containing 
16 meg. of erythromycin per milliliter; the MIC of erythromycin for these 
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colonies varied from 0.4 meg. per milliliter—the same as for colonies from 
control cultures of the same strains grown without antibiotic—to 25 meg. per 
milliliter. Similar observations were made on M. aureus, Strains 192 and 193, 
beginning with broth cultures made from single colonies picked from agar pour 
plates of ‘‘end-dilutions.’’ These strains were then grown in 100 ml. amounts 
of broth with and without streptonivicin, 25 meg. per milliliter. Pour plates of 
decimal dilutions of these 4 cultures were made at 24-hour intervals during 4 
days of incubation. At 24 hours, growth was obtained only in the 10° dilu- 
tions of the 2 antibiotie-containing cultures; 10 colonies from each of the 4 
cultures were picked and tested for sensitivity to streptonivicin. The MIC 
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NUMBER OF TRANSFERS ON AGAR AT INTERVALS OF 48 HOURS 
Fig, 1.—Development of resistance to streptonivicin (@———@) and ecathomycin (———) 


in vitro. 


was the same for subeultures of all of these 40 colonies. At 48 hours only 5 
colonies grew in the pour plates of each of the strains grown in the strepto- 
niviein; these were all from the 10°? dilution of those cultures and all were as 
sensitive as the control colonies from the antibiotic-free cultures. At 72 hours 
and 96 hours no organisms grew in any of the pour plates of the streptonivicin- 
containing cultures of Strain 193; Strain 192, however, yielded 6 colonies in 
the 10-2 dilution—2 of these required 200 meg. of streptonivicin per milliliter 
to produce complete inhibiting, whereas the other 4 were inhibited by 0.4 meg. 
per milliliter, the same as the 10 colonies from the antibiotic-free control cul- 
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ture. At 96 hours, 37 colonies grew from the antibiotic-containing cultures; 
subcultures of 10 of these colonies were tested and all of them were inhibited 
only by 100 meg. or more of streptonivicin per milliliter, while the MIC of ; 
similar number of colonies from the control culture was 0.4 meg. per milliliter 


TABLE IV, Errrcr or SIZE or INOCULUM ON GROWTH OF M. AUREUS 209P IN BrotTH 
CONTAINING STREPTONIVICIN OR CATHOMYCIN 


























INOCU- ANTIBI- ( ‘ONC E SNTRATION OF AN TIBIOTIC , MC G. ‘PER ML. 

LUM* orict — 63.) 3.8 ] 1% | 0.8 | U.4 | 0.2 \ 0.1 | 0.04 | 0.02 0 
3.5x102 SN  — 0$§ +++ oa4 
B 0 +++ 
C 0 +++ 

8 CM A 0) 0 () od 
B 0 0 +++ 
C 0 ca ++4 
3.5 X 108 SN A 0 +++ +44 
B Q +++ 
C 0 +++ 
80 CM A 0 0 mee Weer oe ee 
B QO +++ +44 
C 0 +++ ++ 4 
3.5 X 104 SN A 0 0 ete ae rae ae 
3 0 0 +++ 
C 0 + +++ 
8 x 102 CM A 0 0) + H++ +44 
B 0 ee a a 
; 0 + + + ras 4 
3.5 x 105 SN A 0 ++4 +4+4 
B 0 +4 
¢ 0 aad 
8 x 103 CM A () 0 Pige Oi a ae ee 
B 0 +++ +++ +44 
C 0 ++4 + +4 ++4 
3.5 X 106 SN A 0 +4+4 re oe 
B 0 ++4 
C 0 ++4 
8 x 104 CM A 0 0 + +++ ++4 
B 0 } Eisele ee et 
C 0 + 4 t++ +44 
3.0 X 107 SN A 0 ++4 t+4 
B it) 24 
C 0) t+4 
8 x 105 CM A 0 0) +4 pas 
B 0 + 4 t+4 
C 0 4 ++ 4 
3.5 x 108 SN A (0) + rae oe ee 
B 0 Pa ea 
iS 0) Pe a4 
8 x 106 CM A 0 0 0 “ Ob4 4 a ee 
B 0 + + +++ +++ +44 
C 0 + 4 +++ +4++ +44 
*Number of organisms per ml. 
*SN = streptonivicin; CM = cathomycin; tests with these antibiotics were done at dif- 
ferent times. 
fA. = = erowt in brain-heart infusion broth, pH 7.2+, for 24 hours; B = same after 48 
hours: C = growth on agar after subculture of B. 


$0 = no visible growth: +, ++. and +++ = degrees of growth. Higher concentration 
all = 0; lower concentration than those shown all — +++. 








nm 
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in each instance. The resistance of these organisms had, therefore, increased 
about 250-fold in a single exposure to 25 meg. per milliliter of streptonivicin. 

Cross-Resistance.—There was complete cross-resistance between strepto- 
nivicin and cathomycin in 4 strains of M. aureus which had been made resist- 


ant by repeated subcultures in the individual antibiotics, in vitro (Table V). 


TABLE V. CROSS-RESISTANCE BETWEEN STREPTONIVICIN AND CATHOMYCIN 




















TESTED SUBCULTURED 23 TIMES ON AGAR CONTAINING: 
STRAIN _.. Wee 0* | SN | cM 
i MIC, mcg. per ml. 
M, aureus, 192 SN 0.4 >400 >400 
CM 0.4 >400 >400 
M. aureus, 193 SN 0.4 >400 >400 
CM 0.4 >400 >400 
M. aureus, 194 SN 0.4 >400 >400 
CM 0.4 >400 >400 
M. aureus, 195 SN 0.4 >400 >400 
Pepe CM 0.8 >400 >400 
*0) no antibiotic. 
SN = streptonivicin. 
CM = cathomycin. 
MIC = minimum inhibiting concentration. 


The same strains were tested for cross-resistance with the strains of staphylo- 
coeci that had been made resistant in vitro to several other antibiotics. There 
was no cross-resistance between either streptonivicin or cathomyecin and any of 
the following: penicillin, tetracycline, chloramphenicol, erythromycin, carbo- 
mycin, bacitracin, polymyxin and spiramycin. There was a slight increase in 
sensitivity of the strains to streptomycin and neomycin and some increase in 
resistance to eycloserine. 


SUMMARY AND CONCLUSION 


The data presented indicate that, with the methods used, streptonivicin 
and eathomycin exhibited essentially identical antibacterial activity in all of 
the tests to which they were subjected. (1) Many strains of a variety of bac- 
terial species showed wide differences in their susceptibility to these 2 agents, 
but both were equally active against each strain. (2) The addition of serum 
or blood to agar, or of various concentrations of serum in broth used in the sen- 
sitivity tests resulted in a decrease of susceptibility of a strain of M. aureus, 
the extent of the decrease being directly related to the concentration of serum, 
and the effect being identical with both antibiotics. (3) The minimum inhibit- 
ing concentrations of both streptonivicin and cathomycin for M. aureus and 
Proteus, when tested in broth, were decreased progressively and to the same 
degree by progressive decreases in the pH of the medium. (4) Increases in 
the size of the inoculum, in tests employing broth, resulted im decreases in the 
in vitro activity to the same extent with both antibiotics against Staphylocoe- 
cus and Proteus; the size of the inoculum (with use of a broth seed culture) 
did not affect the end points in tests for sensitivity employing the agar plate- 
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dilution method. (5)The rate of development of resistance in strains of M. 
aureus during repeated subcultures on antibiotic-containing agar was rapid and 
was the same for streptonivicin and ecathomycin. (6) There was complete 
cross-resistance between these 2 antibiotics, and both had identical effects on 
strains of M. aureus that had been made resistant in vitro to a variety of other 
antibiotics. 


It is concluded that streptonivicin and cathomyein are either the same or 
very closely related substances. 
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ADDENDUM 


A summary of some of the findings and the conclusions recorded in this paper was 
presented by one of the authors in a discussion at the recent Antibiotic Symposium in 
Washington. As a result of these findings and conclusions, Drs. Henry Welch and W. W. 
Wright, of the Food and Drug Administration, obtained samples of monosodium cathomycin 
and streptonivicin from Merck & Co. and The Upjohn Co., respectively, and had them 
subjected to ultraviolet and infrared studies, and both were found to have identical ab- 
sorption curves. They were also found to have other physical properties that were essen- 
tially identical. A sample of another new antibiotic subsequently submitted by Dr. J. H. 
Kane, of Charles Pfizer & Co., and designated cardelmycin (crystallinie acid), formerly 
referred to as PA 93, was also found to have similar infrared and ultraviolet absorption 
curves. Welch and Wright? concluded that cathomycin, streptonivicin, and cardelmycin, 
although isolated from different sources, are the same antibiotic. 

It is the authors’ understanding, at the time of submission of this proof, that the 
generic name given to this antibiotic is “novoviocin,” that the trademark of The Upjolin 
Co. is Albamyein, and the trademark of Merck & Co. is Cathomycin. 
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AGAR DIFFUSION STUDIES OF ANTIGENS IN PEPSIN-DIGESTED 
HORSE TETANUS ANTITOXIN 
SANFORD H. STONE, PH.D., AND ALBERT GLAUBIGER, M.S. 
New York, N. Y. 


= oa after Behring’s initial studies on diphtheria antitoxin, many workers 
concerned themselves with the problem of ‘‘despeciation’’ of antitoxie sera, 
with their main incentive the preparation of a therapeutic serum having mini- 
mum capacity to induce serum sickness. Most investigations centered about 
the use of proteolytic enzymes and heat for the treatment of the immune serum 
or plasma.**® Pope*® found that heat denaturation after pepsin treatment 
breaks down 95 per cent or more of the horse serum proteins and splits the 
antitoxie pseudoglobin into two fragments of similar size. The fragment con- 
taining the antitoxie activity is less easily denatured. The emphasis has been 
placed on ‘‘slowed,’’ ‘‘controlled,’’ or ‘‘differential’’ proteolysis under condi- 
tions other than optimum for the enzyme action. The resultant enzyme-treated 
antitoxin has much more antitoxie activity per milligram protein nitrogen (com- 
pared with untreated antitoxin) in the floccules formed by the reaction with 
toxin.® ® 


The advent of agar diffusion teechniques'®!? encouraged the studies deseribed 
in this paper, the purpose of which is to characterize enzyme-digested horse 
antitoxiec plasma in terms of the antigens present in the digest. Rabbit anti- 
sera against pepsin-digested antitoxin, whole immune plasma, and normal horse 
serum were employed in Oudin, Ouchterlony, and Grabar-Williams agar dif- 
fusion methods in the hope that some of these methods can be developed for 
use as a routine control for despeciation procedures in laboratories producing 
horse antitoxins in quantity. 


METHODS 


Antigens and Immunization.—Adult male rabbits were immunized by subcutaneous 
injection of normal horse serum (NHS), horse tetanus antitoxic plasma (THP),* or pepsin- 
digested tetanus antitoxin (ETAT).* An initial injection of 0.5 or 0.1 ml. of antigen in 
water-in-oil emulsion containing killed mycobacteria was followed by injections of 0.5 or 1 ml. 
of the antigen alone at weekly intervals throughout the course of the experiment. 

The ETAT was from one lot (E458W) processed by only slight modification of a method 
described by one of us.16 This lot of ETAT contained 3,250 Lf per milliliter; and 16.4 
mg. N per milliliter. Processing consists, in outline, of pepsin digestion of THP at pH 3.2 


: From The Division of Applied Immunology, The Public Health Research Institute of the 
City of New York, Inc., and the New York City Department of Health, Bureau of Laboratories 
New York, N. Y. 

Received for publication Sept. 7, 1955. 
*The ETAT and THP were provided by the New York City Department of Health, Bureau 
of Laboratories. 
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for 120 minutes, followed by the addition of solid ammonium sulfate (14 per cent weight by 


volume) and heating at 55° C. for 90 minutes. A final addition of 16 per cent (weight by 
volume) ammonium sulfate causes the precipitation of the antitoxic globulins. 







Agar Diffusion Methods—The Oudin tubes and Ouchterlony plates used were made 
with agar* in saline. The agar-antiserum mixture in the Oudin tubes contained 0.3 per cent 
agar, and Ouchterlony plates were poured with 1.5 per cent or 0.75 per cent agar. A 
discussion of theory and method may be found in papers by Oudin'5 and Ouchterlony.11 In 
the Ouchterlony method, solutions of antigen or antibody, placed in opposite trenches or 
penicillin assay cylinders in the agar, diffuse into the surrounding gel, and a line of precipitate 
forms where sufficient quantities of the diffusing reactants come in contact with each other. 
The position of the line in relation to the antigen and antibody sources depends mainly upon 
the relative concentrations of the reactants. 

Merthiolate 1:10,000 was added to antisera and antigen solutions and was in 1:5,000 
concentration in the agar. 

In. plates made with penicillin assay cylinders, the agar surface was covered with 1 to 
2 ml. of a paraffin oil of low viscosity (Bayol Ft) to prevent dehydration. A small drop 
of this light mineral oil on the surface of the solutions in the assay cylinders also prevented 
the evaporation of the reactants, reducing the chances for drastie concentration changes in 
the cups. 

A range of dilutions of the antigens used was tested against homologous antisera, and 
dilutions were chosen which provided ‘‘optimum’’ conditions for analysis, including appear- 
ance of a maximum number of lines with corresponding antisera and minimal precipitation in 
the cups. 

‘‘Absorptions’’ were accomplished by two techniques adaptable only to agar diffusion 
methods. The absorbing antigen mixture was added either to the agar before pouring to 
give a 1:10 dispersion or to the antiserum to be absorbed in the cup. The corresponding 
antibodies are removed, in the first case by fixation throughout the agar field, in the second 
ease by precipitation in the cup. These methods were checked by classical absorption 
techniques (see Table I). 



















a. 











Immunoclectrophoresis—Immunoelectrophoretic analysis was accomplished with the 
employment of a slight modification of the method of Grabar and Williams.12,13 This 
technique embodies analysis of the composition of an antigen mixture by two criteria in 
conjunction. The method consists of two steps. First, there is separation of the individual 
antigenic components by electrophoresis in agar medium of the material in question, followed 
by the identification of the components in their positions along the agar strip by their 
antigenic specificity with use of a double-diffusion technique. Agar strips are prepared in 
rectangular plastic containers by pouring 3 per cent agar made in veronal buffer at pH 8.0, 
ionic strength 0.05. Filter paper strips 6 em. long by 5 em. wide, placed with their ends in 
the liquid agar, are embedded in the strip and act as “wicks” when the box is placed across 
the buffer troughs of the simple electrophoresis apparatus used (Fig. 3). These buffer trays 
containing the pH 8.0 veronal buffer are bridged to the electrode compartments by strips 
of SI Seitz filter pads, 6 em. long and 1.5 em. wide. Current across the agar strip (18.5 ¢m. 
long by 3 em, thick) was provided by a Simpson Model 29 Power-Paec. Separation was 
accomplished at 200 to 300 volts; 12.5 to 25 Ma. for 6 to 19 hours, depending upon the 
preparation analyzed. 

Antiserum capable of ‘‘analyzing’’ the electrophoretically separated material was 
mixed with agar at 50° C. and poured into trenches cut along the edges of the agar strip. 
In later experiments, all the 3 per cent agar, except the 5 em.-wide strip corresponding to 
the ‘‘wick’’ widths, was cut out after the electrophoretic separation, and 0.75 per cent agar 
in saline was poured in to take its place. Antiserum mixed 1:1 with 0.75 per cent agar was 
poured into trenches cut in this gel. Development of the lines of precipitate was much faster 



















with use of this method (Fig. 3). nm 
rr tre 
*Difco or Baltimore Biological Laboratories. 
Esso Company. 
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TABLE I. ABSORPTION EXPERIMENTS 





| | ANTI- 
| ANTIGEN RABBIT SERUM ABSORBED 








ANTIGEN ANTISERUM DILUTION NUMBER SAMPLE WITH METHOD* 
Enzyme- Rabbit antienzyme-  Undil. V 
treated treated antitoxin V THP 1:10 Agar 
anti- VI NHS 1:10 Agar 
toxin X NHS Cup 


I] NHS Cup 
IV NHS Cup 
VI NHS Cup 
I] THE Cup 
XII ETAT Cup 
ai NHS Classical 
Rabbit anti-immune : IX NHS Cup 
plasma 
Rabbit antihorse 1:10 
serum 
L22T 


“Horse Rabbit antienzyme- — Undil. 
immune treated antitoxin d 
plasma 1:10 





I THP Cup 








ba | 


ETAT Cup 
ETAT Classical 
NHS 1:10 Agar 
NHS Cup 
NHS Cup 
ETAT Cup 
THS Classical 
THS Cup 


o 
Co 
~“ 
—_ 
to 





NNO - 





“7 


Rabbit antihorse 1:10 
serum 








Rabbit anti-immune 1:10 NHS Cup 

plasma NHS Cup 

Normal Rabbit antienzyme-  Undil. THe Cup 
horse treated antitoxin ] THP 1:10 Agar 


seru 
ia 1:10 1 THP Cup 
THP Cup 


NHS Cup 
1:2t 3 NHS Classical 
Rabbit anti-immune Undil. THS Cup 


plasma 
1:10 ETAT Cup 
ETAT Cup 
Rabbit antihorse : THP Cup 
serum j XVI THS Cup 
XVI NHS Cup 


s2t 6- II ETAT Classical 
6-7 (1:2) BH ETAT Classical 
6-7 II ETAT Classical 


He He 











*“Cup’ = antigen added to antiserum in plate reservoir; ‘agar’ = absorbing antigen added 
to agar of plate; ‘‘classical’’ = absorption by addition of small increments of antigen and cen- 
trifugation to remove the precipitates before use in plates. 

yOudin test. 

Key to Tables I, II and III: 

Rabbit antisera are identified by a Roman numeral representing a date of bleeding, and the 
only role of this number is identification of a given serum sample throughout the tables. ‘‘Sam- 
ples’’ refer to a single bleeding. 

‘ Two rabbit numbers in hyphenated form represent a poo! of equal quantities of each of the 
WO sera. 

‘ = figure in parentheses after a tabled number of lines denotes the presence of a doubtful 
extra line. 

Rabbit antisera are undiluted unless marked otherwise. 

: The same abbreviations are used as in the text: ETAT—Enzyme-treateq antitoxin, NHS— 
Normal horse serum, THS—Immune (tetanus) horse serum, THP—Immune (tetanus) horse plasma, 
RAHS—Rabbit antihorse serum, RATP—Rabbit anti-immune plasma, RAET—Rabbit antienzyme- 
treated antitoxin. 
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RESULTS 





In normal and immune horse serum (NHS and THS) or immune horse 
plasma (THP), from 8 to 10 antigenic components were found by Oudin or 
Ouchterlony tests. In the pepsin-digested tetanus antitoxin (ETAT) used in 
these experiments, four antigens were demonstrated. One of the four antigens 
of ETAT showed a ‘‘reaction of partial identity’’ with its counterpart in THP 
as determined by comparisons using rabbit serum against enzyme-treated anti- 
toxic (tetanus) horse plasma (RAET) in Ouchterlony tests. A second antigen 
in ETAT was found also in THP but not in NHS or THS in quantities large 
enough to be demonstrable by agar diffusion tests. RAET or rabbit anti-immune 
plasma (RATP) absorbed with THS or NHS still retained an antibody against 
an antigen found in THP and ETAT, and direct comparison by RAET of 
immune serum and immune plasma from the same bleeding can show this com- 
ponent in the agar plate. The third and fourth antigens gave a ‘‘reaction of 
identity’’ with components in normal or immune horse serum or plasma (Tables 
I, II, and IIT, Figs. 1 and 2). 
























TABLE II. OUCHTERLONY TESTS 
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See Fig. 1, A. 


(For Key to Tables I-III, see Table I, footnotes.) 


Immunoelectrophoresis experiments showed the presence in ETAT of four 
or possibly five antigens, mainly found in the B® globulin region of the agar 
strip. There was also some y globulin (and/or fibrinogen). 








When a erude tetanus toxoid preparation* was used as ‘‘analyzer,’’ as well 
as a RAET antiserum, it was seen that components of the ETAT corresponding 







*Two-tenths milliliter of ETAT (undil.) + 1 ml. of toxoid (1:5) were optimal flocculation 
proportions, and the toxoid was used in 1:2 dilution in the agar. 








Volume ? AGAR DIFFUSION STUDIES OF ANTIGENS 
Number 


On O 


RAET + THS 


NHS THS 


A. B. Cc. 


Fig. 1.—Ouchterlony double diffusion technique. Rabbit antienzyme-treated antitoxin vs. 
horse plasma antigens. A, One of four antigens shows typical ‘‘reaction of partial identity.’’ 
B, Rabbit antienzyme-treated antitoxin has an antibody against a plasma component not in 
serum from the same bleeding of the horse. C, Rabbit antienzyme-treated antitoxin absorbed 
in the cup with horse immune serum. Antibody against the ‘plasma component’’ remains to 
react with this antigen present in THP and ETAT but not in NHS or THS. 


Fig. 2.—Horse antitoxin vs. rabbit antibodies. J, Immune horse plasma (1:10); JJ, Rabbit 
antienzyme-treated antitoxin + immune horse serum (1+1); JIIJ, Rabbit anti-enzyme-treated 
antitoxin (undiluted); 7V, Enzyme-treated antitoxin (1:10). 

In Cup II, rabbit antipepsin-digested antitoxin is absorbed by an excess of horse antitoxic 
serum, and the lines between II and III are due to the excess antigens diffusing from Cup II. 
One line remains between Cups I and II and also between II and IV. This is the remaining 
“plasma component.” Between III and IV are the four lines due to the antigens in the enzyme- 
treated antitoxin. 





798 STONE AND GLAUBIGER LE Lab Clin. ied. 
May, 1956 


to ‘‘B globulins’’ contained antibodies for at least three components of the 
toxoid preparation used (Fig. 3).* 
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Fig. 3.—Beta globulin components of enzyme-treated antitoxin against tetanus-toxoid an- 


tigens. Double diffusion after electrophoresis in agar (immunoelectrophoresis). a, Filter paper 
lead; b, buffer tray; c, electrode. 
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DISCUSSION 


Antisera containing antibodies to four antigens demonstrable by agar-dif- 
fusion methods are produced consistently in rabbits after 6 to 8 injections of 
0.5 to 1.0 ml. of enzyme-digested horse antitoxin given once weekly after the 
initial injection of antigen in complete adjuvant. 

Which ‘‘zone’’ (or ‘‘zones’’) represents the antitoxin? It is tempting to 
say that the line showing a ‘‘reaction of partial identity’’ with a counterpart in 
immune horse plasma would be the altered antitoxin that Pope describes after 
pepsin treatment of tetanus antiserum, but the possibility cannot be excluded 
that there is some alteration of other components remaining in the digest. Im- 
munoelectrophoresis indicates that the antitoxin was in the beta globulin of the 
enzyme-treated antitoxin in the lot analyzed. However, there were at least two 
zones in that region when this enzyme-treated antitoxin was analyzed by rabbit 
antienzyme-treated antitoxin after electrophoresis in agar, and no decision could 
be reached as to which line (or lines) represented antitoxin. 

It must be kept in mind that despeciation is not a purification of horse anti- 
bodies but an attempt to reduce the immunogenic potency of a foreign plasma. 
The checking of purification is very difficult if not impossible by the Ouchterlony 
technique, not only because of the limited sensitivity but because an analyzing 


*Williams and Grabar (J. Immunol. 74: 397, 1955), using the immunoelectrophoretic tech- 
nique, demonstrated diphtheria antitoxin in the globulin of a pepsin-digested immune horse 
serum sample. The antitoxin in the untreated serum from the same bleeding, however, had 4 
mobility considerably more rapid. 
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TABLE III. ‘‘ ABSORPTION’? EXPERIMENTS: * COMPARISON OF HORSE IMMUNE PLASMA AND 
IMMUNE SERUMt 








ANTI- | ABSORBED 
ANTIGEN RABBIT SERUM WITH NO. OF 
ANTIGEN ANTIBODY DILUTION | NUMBER | SAMPLE ANTIGEN LINES 
Enzyme-treated Rabbit anti- Undil. 1 XI THP 0 
antitoxin enzyme-treated 2 Xx THS 0 
antitoxin 2 Xx THY 0 


1 XE THP 
XIV THS 
DS THS 
XE THS 
XV THS 
XVI THS 
VIIL THS 
xX THS 
XIV THS 
XIV THS 
1:20 ; Ve THS 

Horse immune Rabbit antihorse 1:10 j XVI THS 
serum serum j XVI NHS 
lorse immune Rabbit anti- Undil. TEP 
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Rabbit anti- Undil. 
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1 
2 
2 
2 
2 
4 
4 
4 
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See Fig. 1, C. 
*All “absorptions” were made in the cups. 


_ tImmune horse plasma and serum used in the experiments reported in this table are ob- 
tained from the same bleeding. 


(For Key to Tables I-III, see Table I, footnotes. ) 





antiserum should contain sufficient antibodies against all the possible con- 
taminants in the ‘‘purified’’ product. For despeciation, cross-checking can be 
undertaken with rabbit antisera against horse serum or plasma and against a 
biologie ‘‘standard’’ despeciated antitoxin, selected, if need be, on the basis of 
an auspicious record when given to human subjects. The analyzing antisera can 
be standardized to meet a criterion of suitability involving an ‘‘acceptable’’ 
pattern of lines in an agar diffusion test to complement an ‘‘acceptable’’ loss 
protein per unit of antitoxie activity: 








LINES REPRESENTING 
DESPECIATED ANTITOXIN ANTIGENS ACCEPTABILITY 
Standard A, B, C, D Yes 
Unknown W : Yes 
Unknown X A,B, Yes 
Unknown Y A, B, C, D, E No 
Unknown Z A, B, E No 
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When Ouchterlony plates are used for control of despeciation methods, 
analyzing antisera rich in antibodies are necessary. When multiple antigens 
are involved, even the most potent precipitating antiserum may lack one of the 
critical antibodies in sufficient concentration at any one or at any number of 
bleedings. It follows that some antigens may escape detection (i.e., fewer lines 
are demonstrable than the number of antigens in the system). Occasionally 
there may be ‘‘doubling’’ of lines and other artefacts tending to produce an 
array of lines or zones more complex than would be expected. This is more 
likely to oceur in plates under observation for an extended period of time and 
it has been associated with change in concentration of reactants and fluctuations 
of temperature. Kaminski,’* Oudin,?® and Grabar’ discuss the theoretical 
aspect of the problem and suggest means of diminishing these complications. In 
any case, trials must cover a reasonable range of antigen and antibody con- 
centrations for any one system, and repetition is necessary not only with anti- 
sera from different animals but with antisera from the different bleedings ob- 
tained from any one animal (see tables). Pools of suitable standard antisera 
ean be made for routine use. 

It appears sufficiently remote that an antigen responsible for cases of serum 
sickness in man would not be antigenic in the rabbit, or that the quantities of 
antigens could vary enough from batch to batch of similarly prepared antitoxin 
to foil the intent of the testing. 

The demonstration of a plasma component in the pepsin-digested antitoxin 
used in these experiments would suggest the use of immune serum rather than 
immune plasma as the starting material for large-scale manufacturing. 

































SUMMARY AND CONCLUSIONS 





1. Immune (tetanus) horse plasma contains 8 to 10 antigens demonstrable 
by agar diffusion methods. 







2. Pepsin-digested tetanus antitoxin, prepared by a modification of the 
method of Pope, contains at least four antigens, as shown by agar diffusion tests. 







3. One of the antigens is not identical with a corresponding antigen in im- 
mune (tetanus) horse plasma and may be considered a component altered by 
the ‘‘despeciation’’ of the immune plasma. 

4. Two antigens in pepsin-digested antitoxin are identical with other anti- 
gens in tetanus immune horse plasma. 









5. A fourth antigen is present in horse plasma but cannot be demonstrated 







in horse serum. 
6. The Ouchterlony agar diffusion method may be used to check despecia- 
tion procedures in laboratories manufacturing therapeutic sera. 
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LABORATORY METHODS 


CARDIAC OUTPUT MEASURED BY THE INJECTION METHOD WITH 
USE OF RADIOACTIVE MATERIAL AND CONTINUOUS RECORDING 


RESULTS OF CIRCULATION MopEL STUDIES 


MiILtTon G. CRANE, M.D., RaupH Apams, B.A., D.A.B.R., AND 
Ivor Woopwarp, M.A. 
Los ANGELES, CALIF. 


INCE the introduction by Stewart’? of the injection method for cardiac 

output and its extensive application by Hamilton,*? there has been a need 
for simplification of the technique. Most investigators have used Evans blue 
dye as the injected material, entailing the separate collection of an arterial 
blood sample every 1 to 2 seconds for approximately one minute. Warner and 
Wood* have employed an oximeter with continuous recording of the dye con- 
centration. However, it has been found preferable to measure dye concentra- 
tion in plasma to avoid the error introduced by the presence of hemoglobin. 

In 1951 Mae Intyre and his group® reported the use of RISA (radioactive 
iodinated human serum albumin) and continuous arterial sampling technique. 
The authors have modified the technique using RISA by employing a well- 
type scintillation counter and by simplifying the recording apparatus. The 
purpose of this article is to describe the method and to report its accuracy as 
shown by tests under controlled conditions with a model. 


APPARATUS 

The method requires a well-type scintillation counter, a binary scaler,* and one chan- 
nel of a direct-writing recordert or electrocardiograph. The counter uses a sodium iodide crys- 
tal measuring 114 inches in diameter by 2 inches in height, with a well measuring %4 by 1% 
inches. A length of polyethylene tubing, internal diameter 3 mm.,} is used to transport 
the samples of blood from the subject through the well crystal at a flow rate of 35 ml. per min 
ute by means of a motor-driven syringe (Fig. 1). Three feet of tubing is sufficient to pro 
vide for 20 inches of tubing from the patient to the well crystal, 3 inches within the well, 
and enough to go from the well to the motor-driven syringe. The plastic tubing is fitted in 
the groove of a Lucite or aluminum mold (Fig. 2) to hold the tubing in rigid geometry 
without kinks. The mold, holding the tubing, is inserted through the one-inch lead shield- 


ing into the well crystal. 


From the Departments of Medicine and Radiology, College of Medical Evangelists, Los 
Angeles, Calif. 

Aided by research grant No. 80, Los Angeles Heart Association. 

Received for publication June 17, 1955. 

*Reed-Curtis Scientific Company, Playa Del Rey, Calif. 

+Polyviso Recorder, Sanborn Company, Cambridge, Mass. 

tTubing type V-30, Don Baxter Company, Glendale, Calif. 
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With this arrangement the well crystal counts approximately 0.5 ml. of the continuous 
sample at any particular time, and the sample within the well is being changed at least 
every second. 

When counting is in progress, the output of the register circuit of the scaler is fed 
by proper circuitry to one channel of the direct writing recorded or the electrocardiograph. 
The register impulses are recorded as small pips on the direct writing paper. A scale of 
64 counts per pip was found to give a good compromise between statistical accuracy and 
frequency of data recording. A paper speed of 25 mm. per second is adequate for recording 
pips up to 30 per second. 


Mold holding polyethylene tube 


Motor driven sysinge 


Well ¢ 
Lead shield 
Gantillation courter 





Recorder 
e Polyvise 
0 EKG, @ 


Scaler © Phedegraphic ' 




















Fig. 1.—Apparatus arrangement for determining cardiac output by this continuous recording 
method. 


ae for  folastc tubing 
ss 


Fig. 2.—Lucite mold for holding the polyethylene tubing in the well crystal. 


METHOD 


A solution of RISA* for injection is prepared with a concentration of approximately 
25 we per milliliter. From this solution a standard is made at a dilution of 1:1,000. A 
Cournand needle is placed into the brachial artery, and the background counting rate is 
determined. The ends of the plastic tubing from the well counter are then connected to 
the Cournand needle and the motor-driven syringe. The motor-driven syringe is started, 
and 3 ml. (I) of the RISA solution is rapidly injected into an antecubital vein from a 
Chaney-type calibrated syringe through a 17-gauge needle. The exact moment of injec- 
tion is marked on the recording paper. A continuous recording is made of the rise and 
‘all of activity in the arterial blood, with allowance of sufficient time for recirculation. 
uder the conditions of the experiment, the peak concentration reaches approximately 500 
counts per second with a background of approximately 5 CPS. 


*Abbott Laboratories, North Chicago, IIl. 
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If a plasma volume determination is desired, a mixed blood sample may be obtained 
after ten minutes through the same tubing. Following each sampling, sterile saline is drawn 
through the tubing to remove the previous sample. 

After blood measurements are completed, the tubing is filled with the standard solution 
and its counting rate (C,) is measured. The tubing is then discarded. 

The recording is ready for analysis. The injection time on the recording is corrected 
for the time delay required for the blood to reach the counter from the artery. (This delay 
is easily calculated from the rate of flow in the tube and the volume between the needle 
and the well.) This correction is not essential for the cardiac output calculation but is 
necessary for the mean circulation time determination. The second marks on the recorid- 
ing are numbered consecutively from the corrected injection time. The first portion of the 
recording represents background. The activity during any second of time is equal to the 
number of pip intervals* in the second. Fig. 3 illustrates the method used to establish the 
number of pip intervals in each second. The pips are first numbered consecutively, starting 
at the pip immediately preceding the corrected injection time. At the time markers ending 
each second, the number of pip intervals (to the nearest tenth) having occurred up to that 
time is determined and written down. The activity during each second, uncorrected for back- 
ground, is obtained by subtraction. After background correction, the activity in net pip in- 
tervals per second is plotted as a function of time on semilogarithmic paper (Fig. 4) to ob- 
tain the extrapolated build-up and decay portions of the curve. These extrapolations are 
earried out to 1 per cent of the peak value so as to include all but an insignificant portion of 
the injected material. 

The concentrations so obtained are next plotted on rectilinear paper for the determina- 
tion of average concentration (Cav) by a planimeter. An alternative procedure for deter- 
mining Cav is to average the concentrations (C) as obtained at each second of time directly 
from the semilogarithmic plot.’ 

The formula for the cardiac output is as follows: 


C, x I x dilution of standard 
Cav x T i 





Cardiae Output = 


If the mean circulation time (MCT) is known, the central volume can be determined 
by multiplying the cardiac output by the MCT.2 MCT = —— where C is the concen- 
tration and T is the elapsed time of each concentration from zero (corrected injection 
time ). 

The over-all statistical accuracy is related to (1) the accuracy of the volume injected, 
(2) the preparation of the standard solutions, (3) the number of counts made on the stand- 
ards, (4) the number of counts recorded on the sample before recirculation, and (5) the error 
in the slope of the extrapolated portion of the curve. 

The standard deviation of Item 1 was +0.2 per cent measured gravimetrically. Since 
counting rates made on duplicate standard solutions were nearly always within the limits of 
counting error, it is assumed that the error in preparation of a standard solution is not 
greater than the statistical counting error of the standard. The standard deviation is +0.3 
per cent when a total of 100,000 counts is made on the duplicate standard solutions. The 
total number of counts recorded before recirculation in the model was approximately 5,000 
(S.D. +1.4 per cent). 

The standard deviation in the slope of the extrapolated portion of the curve is +3.8 per 
cent in the model, and this is also the standard deviation of the area under this same portion 
of the curve. Since this area comprises approximately 10 per cent of the area under tlie 
entire curve, the error in the slope introduces approximately +0.4 per cent standard deviation 
in the calculated output. 

This degree of accuracy cannot be expected to apply in instances of short downslopes 


for extrapolation. 


*Pip interval is the distance between consecutive pips on the recording. 
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Fig. 3.—A simulated recording showing the method of calculating net pip intervals per second. 
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Fig. 4.—A typical semilogarithmic plot of a patient. 
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VALIDITY OF METHOD 





To test the validity of the technique, measurements were performed on a laboratory 
model shown in Fig. 5. This model, having a volume of 1,250 ml., includes a reciprocating 
pump with a stroke volume of approximately 25 ml., running at a rate of 80 strokes per 






minute. 





The flowmeter was read every ten seconds during each test, and under the conditions 
of the experiment its readable accuracy was +0.3 per cent mean deviation (S.D. = +7.5 mi. 
per minute). The flowmeter was calibrated in the circuit by timed collection of a known 
volume of fluid from the model before and after each group of experiments. 






The method of determining the output of the pump was similar to that outlined for a 
patient, with the exception that the dose was lowered to 15 we to reduce the counting rates to 







the same order of magnitude. 
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Fig. 5.—Laboratory model of the circulatory system used in evaluating this technique. 











RESULTS 


Table I represents a comparison between the values for the output of the 
model as measured by flowmeter and by the isotope injection method. The 
error in the output as determined by planimeter integration was 0.8 per cent 
(S.D. +2.5 per cent). By summation every second, the corresponding error 
was +2.1 per cent (S.D. +2.8). By summation every other second, the error 
was +4.0 per cent (S.D. +3.2 per cent). 

Table II demonstrates the feasibility of repeating the isotope injection 
method immediately after complete mixing in the model. Mixing is complete 
at five minutes. The two groups of six consecutive determinations were made 
without rinsing of the model. Statistical error resulting from the activity otf 
previously injected material is not large compared with other errors inherent 
in the experiment. However, it is quite important to obtain an accurate measure- 
ment of this residual activity, which forms the background counting rate for 
the determinations to follow. 


















TABLE I, CONSECUTIVE RECIRCULATION FLOW EXPERIMENTS WITH LABORATORY MODEL 








“EX PERI- OUTPUT OUTPUT 
MENT | FLOWMETER METHOD A 
NO. (ML./MIN.) | (ML./MIN.) 


% 


ERROR 


OUTPUT 


METHOI 


IB 


(ML./MIN.) 


OUTPUT 
% METHOD C | % 
ERROR | (ML./MIN.) | ERROR 





1 2,014 2,018 
2 2,032 2,076 
3 2,036 2,042 
2,081 2,008 
2,062 2.173 
2.036 2.105 
2.018 2.045 
2,022 2,023 
2.018 1,989 
2,021 2.010 


0.5 
2.0 
0.3 
-3.5 
5.4 
3.5 
1.5 
0.0 
-1.5 
-0.5 


2,040 
2,160 
2,082 
2,050 
2,220 
2,120 
2,015 
2,040 
2,012 
2.035 


1.3 2,083 3.4 
6.3 2.200 8.3 
2,124 4.3 
2,108 1.3 
2,280 10.6 
2,134 4. 
2,044 é 
2.081 
2,040 
2.065 





Mean 
Mean Dev. 
Standard Dev. 


+0.8 
1.9 


2.5 


2.5 


2.8 3. 





Method A, Average concentration determined by Cartesian plot and planimeter. Method 
B, Average concentration determined from the semilogarithmic plot with use of the concen- 
Method C, Average concentration determined from 


trations at one-second intervals (see text). 


the semilogarithmic plot with use of the concentrations at every-other-second intervals. 


TABLE II, RESULTS OF Two GROUPS OF SIX CONSECUTIVE RECIRCULATION FLOW EXPERIMENTS 
WITHOUT REMOVING THE INJECTED MATERIAL FROM THE LABORATORY MODEL 








EXPERIMENT 


NO. 


: 
| ML./MIN. 


OUTPUT FLOW METER 


| OUTPUT METHODA | PER CENT 


ML 


./MIN. 


ERROR 





1,955 
1,926 
1,926 
2.015 
2,021 
2,051 
2.011 
2.006 
2.025 
2.026 
2.027 


2.036 


uh 
2 
3 
+ 
5 
6 
1 
2 
3 
4 
5) 
6 


1,835 
1,987 
1,945 
2.069 
2,044 
2,114 
1,947 
1,932 
2.094 
2.048 
2.092 
2,164 


-6.1 


3.2 


1 
oo b+ Go Go 29 G9 
ee 1 De 
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Mean 
Mean Dev. 
Standard Dev. 





TABLE III. Errect oF VARIOUS SAMPLING FLOW RATES ON ACCURACY 








"SAMPLING RATE | FLOW METER 


ML./MIN. ML./MIN. 


OUTPUT METHOD A PER CENT 
ML./MIN. ERROR 





150 2,078 
150 2,080 
150 2,068 
150 2,063 
150 2,087 
75 1,955 
75 1,975 
75 1,980 
50 1,963 
50 1,980 
50 1,988 
35 1,997 
35 2.009 
35 2,004 
22 1,899 
22 2,063 
22 2,027 
22 2.021 


2101 
2.078 
2.109 
2.080 
2.057 
2.005 
2.013 
2.032 
1,983 
2.083 
2.026 
1,972 
1,940 
1,970 
1,957 
2.084 
2.063 
2.063 


rr 
-0.1 


2 
2 





Mean 
Mean Dev. 
Standard Dev. 
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As shown in Table III, there does not appear to be any significant differ- 
ence in the accuracy of the results when sampling flow rates are varied from 
22 ml. per minute to 150 ml. per minute, as long as it is constant. 


TABLE LV. Errect OF CHANGING SAMPLING RATE DuRING PEAK CONCENTRATION 








VARIATION MADE 
IN SAMPLING OUTPUT FLOW METER OUTPUT METHOD A PER CENT 
ML./MIN. ML./MIN. ML./MIN. ERROR 
30-150 2,009 2,346 16.8 
60-160 1,980 2,034 18.0 
150-70 1,955 1,823 -6.8 
160-40 1,947 1,715 -11.9 














TABLE V. EFFECT OF PROLONGING THE INJECTION TO 3 SECONDS 





‘OUTPUT FLOW METER | OUTPUT METHOD A | PER CENT | 
ML./MIN. | ML./MIN. ERROR 


1,910 1,902 -0.4 
1,915 1,905 -0.5 
1,912 1,980 3.6 
1,902 2,055 8.0 
1,912 1,900 -0.6 
1,912 1,894 -0.9 
1,910 1,960 2.5 
1,902 2,046 7.6 
1,902 2,083 9.5 
1,997 4.9 
Mean 3.4 
Mean Dev. 3.9 
Standard Dey. 




















TABLE VI. CENTRAL VOLUME DETERMINATION IN MILLILITERS ON THE LABORATORY MODEL 
AT Two INJECTION SITES 


ACTUAL | ovuTPpUT | ESTIMATED _ PER CENT | 
CENTRAL . | METHOD A MCT IN | CENTRAL VOLUME 
VOLUME | ML./MIN. | SEC. | VOLUME ERROR 





“Injected Material at Site 1 
745 2,018 23.1 780 


745 2,076 21. 
745 2,042 21. 
745 2,008 21. 
745 2,173 21. 
745 1,835 23. 
745 1,987 “sy 781 
745 1.945 24.$ 808 
2,069 21.9 755 
2.044 23.1 790 
Mean 
Mean Dev. 
Standard Dev. 
Injected Material at Site 2 
28.1 
29.1 
31.9 
30.8 
29.7 
29.7 


754 
747 
777 
720 


728 
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Table IV shows the results of changing the sampling flow rate during the 
peak concentration. Increasing the sampling flow rate will produce a lower 
Cav and hence a large apparent output; whereas lowering the sampling rate 
does the reverse. | 

Table V demonstrates the error produced by prolonging the injection 
period. The error is caused by uncertain extrapolation resulting from a 
broadened peak on the semilogarithmic plot. 

Table VI demonstrates the results of the central volume determinations 
at injection Site 1 and Site 2. The degree of accuracy is almost identical, the 
standard deviation of the error is 3.8 per cent at Site 1 and 4.0 per cent at 
Site 2. 

DISCUSSION 

The well-type scintillation counter was chosen because of its efficiency 
in the measurement of gamma radiation from small samples. 

The method of recording data presented was selected to avoid the time 
lag inherent with counting-rate meters. With the latter instrument the 
recording of rapidly fluctuating activity is influenced by the counting rates 
immediately preceding, so that the rate meter reads too low for increasing 
and too high for decreasing activity. Two other methods of recording may be 
employed for valid results. The register and timer of the scaler may be photo- 
graphed by a movie camera, or a dual scaler-digital printer system, commer- 
cially available, may be used to obtain the information. The latter instru- 
ment is expensive and is limited as to frequency of data recording. <Accord- 
ing to Libby® the counting rate computer arrangement as used by Mae Intyre 
and co-workers,’ has proved unsatisfactory because it records too high on 
decreasing activity. If this occurs, the resulting error in the deeay portion of 
the curve could account for the consistent error reported by Mac Intyre and 
his group*:* in using the counting rate computer. Since most groups desiring 
to measure cardiac output will have access to an electrocardiograph, the re- 
cording method described by the authors should prove attractive because of 
simplicity and lack of expense. After the recording is made, an experienced 
investigator can make the caleulations of cardiac output and central volume 
in about 30 minutes. 

Register circuits of sealers vary in design, and the connection to the 
recorder must be adapted accordingly. Usually the register coil is in the plate 
circuit of an output tube. In this case the pulse may be transmitted to the 
recorder through condensers. Attenuation of the pulse with a potential 
divider may be necessary with some electrocardiographs. The connecting com- 
ponents cost only a few dollars. 

Since the sample and standard are measured under the same conditions 
(geometry, ete.), the ten-minute mixed blood sample is not necessary as in 
other techniques. 

There are several factors influencing the accuracy of the injection method. 
The length of the decay curve is a deciding factor. Single circulation experi- 
ments as compared with recirculation experiments in the same model are more 
accurate. In animals recirculation occurs sooner than in the model resulting 
in a shorter decay curve for extrapolation. 
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With a seale of 64 counts per pip, the background should be ealeulated 
to 0.01 of a pip interval per second to secure the most accurate results. 

A steady sampling flow rate is desirable to maintain the accuracy of the 
test. In addition it seems reasonable that if one wishes to use data at every 
second interval, the blood within the well should be changed at least every 
second. <A faster sampling rate does not increase the accuracy of the test. For 
slower sampling flow rates, it would be necessary to decrease proportionately 
the volume of sample that is within the well, either by use of a smaller diame- 
ter tubing or by decrease of the depth that the mold and tubing is inserted 
within the well crystal. If heparin is used as an anticoagulant and asepsis is 
maintained, the blood may be reinjected by the pump. An alternative would 
be to channel the blood directly into a vein with use of the pressure differential 
between the artery and vein for flow.’ 

The data shows the error introduced by integration by use of data ob- 
tained every other second. Although the absolute error is greater than by the 
replotting method, the standard deviation is about the same. If one wishes 
to use the shorter method, the controls should be done in the same manner. 

The technique has been used on 100 patients to date with good results. 
Studies are in progress comparing the method as presented with the Fick 
principle. The authors are also evaluating the use of the patients’ fingers in 
the crystal well in lieu of arterial sampling. 


CONCLUSION 

A simplified method for measuring the cardiac output is presented with 
use of radioactive iodinated human serum albumin, a well-type scintillation 
counter, and a simplified recording technique. 

A direct-writing electrocardiograph or multiple-channel recorder is used 
to record the counting rate continuously of a flowing arterial blood sample. 
The accuracy of the method was studied on a circulation method, and the re- 
sults are presented. 


We wish to express our thanks to Peter Jensen, Gordon Short, and Ernest Zane for 
their help in obtaining and analyzing the data and to Dr. Robert Woods for his assistance 
in the statistical analvsis. 
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THE SEPARATION AND IDENTIFICATION OF HUMAN 
HEMOGLOBINS BY ‘‘ISOELECTRIC LINE SPECTRA” 
FORMATION 


A. H. Turtie, M.D.* 
Mempuis, TENN. 


ETERMINATION of the electrokinetic properties of human hemoglobins 

has become an integral part of the diagnostic and research studies of 
human ‘‘hemoglobinopathies.’’ A number of methods have been applied to 
the separation and identification of these hemoglobins electrophoretically. The 
most practical method for large seale surveys has been zone electrophoresis,** 
with use of filter paper as the supporting medium. The inherent disadvantages 
of filter paper electrophoresis, i.e., adsorption, trailing of the separated fractions 
and time required for separation are particularly troublesome in the analysis 
of hemoglobins. We have found no advantage in the use of cellulose powder 
or agar rather than filter paper as the supporting medium in the analysis 
of hemoglobins. 

The technique of hemoglobin analysis described below is a modification 
of the method of electrophoresis described by Kolin,® which possesses several 
advantages over previously described methods of electrophoresis. By this 
method the protein components of a mixture are rapidly separated according 
to their isoelectric points rather than by difference in mobilities at a fixed pH. 
Kolin has applied the term ‘‘isoelectrie line spectra’’ to the separated com- 
ponents. This technique requires that orderly pH and density gradients exist 
along the axis of electrical current flow and that the components of the 
specimen being analyzed be free to move along this axis. It is also necessary 
that the range of the pH gradient inelude the isoelectric pH of each com- 
ponent. These conditions are satisfied in the method described by Kolin® by the 
interposing of the specimen between two buffer systems in a U-tube. The 
bottom of the U-tube is filled with buffer which has a pH below the isoelectric 
points of the components of the mixture. The density of this buffer is sig- 
nificantly inereased by the addition of appropriate amounts of either sucrose 
or glycerol. The density of the specimen is adjusted so that it can be placed 
in a layer between the lower, dense, acid buffer and an alkaline buffer above. 
Diffusion of the buffers into the specimen creates pH and density gradients 
throughout the specimen. With the application of current, the protein com- 
ponents condense in horizontal lines according to their respective isoelectric 


i From the Division of Pediatrics, University of Tennessee College of Medicine, Memphis, 
Tenn. This investigation was supported in part by Research Grant H1380 from the National 
Institutes of Health, U.S. Public Health Service. 

Received for publication June 30, 1955. 

*John and Mary R. Markle Foundation Scholar in Medical Science. 
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points and form an ‘‘isoelectric spectrum.’’ The degree of separation of the 


various proteins depends upon the differences in isoelectric points of the com- 
ponents and the ‘‘slope’’ of the pH gradient. 

The above principle has been used in the method described below. The 
apparatus, however, has been especially designed to accommodate multiple 
specimens of hemoglobin for the purpose of simultaneous analysis. 


MATERIALS AND METHODS 


1. Hemoglobin solutions are prepared by the method outlined by Singer and associates.é 
Before analysis, each specimen is diluted to a concentration of 0.05 to 0.075 Gm. per cent 
with distilled water containing 20 Gm. sucrose per 100 ml. 

2. Buffers are prepared from stock solutions of 0.03 molar diethylbarbituric acid and 
0.03 molar Na diethylbarbiturate. The most suitable mixtures of these stock solutions were 
determined experimentally. For the acid buffer, a ratio of stock acid:stock base of 19:1 
and for the more alkaline buffer a ratio of 3:1 are used. Thirty-five grams of sucrose 
are dissolved in each 100 ml. of the final acid buffer mixture. 

3. The electrical current source is either a Heathkit regulated variable voltage supply 
or 6714 volt ‘*B’’ type dry cell batteries connected in series to provide the desired voltage 
output. Contact with the buffers is made through platinum electrodes. Small carbon 
electrodes covered with viscose dialyzing membrane work equally well. 


A. B. C. 


Fig. 1.—Component parts of apparatus. For description, see text. 


4. The apparatus, constructed entirely of Lucite, consists of: (a) A small buffer 
chamber 2 x 2.5 x 7.5 em. inside dimensions (Fig. 1, 4). Four plastic tubes, 7 mm. in 
diameter and 11 cm. in length, connect with the inside of this chamber and extend down- 
ward perpendicular to the bottom wall. Near the lower end of the tubes a narrow strip 
of plastic cemented to the outer surfaces of the tubes acts as a brace. (b) A large buffer 
chamber 14 x 9 x 5 em. inside dimensions (Fig. 1, B). Two small plastic strips cemented 
to the inside walls of the chamber, 2.5 em. from the top, allow the smaller chamber to be 
suspended in the larger chamber with the tubes extending downward to within 6 mm. 
of the bottom of the larger chamber. (c) An opaque white sheet of Lucite cut so as to 
rest in an upright position in the large chamber (Fig. 1, C). 

5. Technique of operation: The lower end of each of the 4 tubes is covered with 
viscose-dialyzing membrane, held in place by short lengths of rubber tubing slipped over 
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the ends of the tubes. The small chamber is then placed inside the large chamber, and the 
latter is filled to within 1 cm. of the top with acid buffer-sucrose. The white sheet is placed 
in the large chamber behind the tubes. Horizontal pencil lines on this sheet may be used 
to mark the position of the specimen. The tubes are then filled from the top with acid 
buffer-sucrose to a level corresponding to the lower line on the white sheet. Specimens of 
(0.5 to 0.75 ml.) hemoglobin are then carefully pipetted into each tube on top of the acid 
buffer-sucrose column. Since the lower ends of the tubes are covered with viscose, measurable 
changes in buffer level within the tubes are effectively prevented during addition of the 
specimens. The specimens may, therefore, he added slowly with a small pipette. A minimum 
of mixing at the junction of the hemoglobin-buffer boundaries is desirable. The alkaline 
buffer containing no sucrose is next added carefully to the tubes above the layer of 
hemoglobin solution. This buffer fills each tube above the hemoglobin layer and also the 
small chamber to which the tubes are connected. The anode electrode is then placed in the 
outer chamber underneath the surface of the buffer and the cathode in the small inner 
chamber. Since diffusion of buffer through the viscose membranes covering the ends of 
the tubes occurs (although very slowly) if differences in hydrostatic pressure exist across 
their surfaces, the buffer levels in the small and large chambers are equalized in order to 
prevent eventual displacement of the hemoglobin bands. After 10 minutes, a potential of 
67 volts is applied. When separation of the components is apparent (usually within 4 or 5 
minutes), the sharpness of the separated bands are increased by an increase of the voltage 
to 200 volts. 








C-A S-A C-S-A C-S 


Fig. 2.—Separated components of four mixtures of hemoglobins. The brace to which the tubes 
are cemented is visible near the bottom of the photograph. 


RESULTS 


Fig. 2 shows the separation of various mixtures of adult (A), sickle (S), 
and C hemoglobins after 35 minutes at a potential of 200 volts. Since the 
isoeleetrie pH of A hemoglobin is more acid than of S or of C, the A hemo- 
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globin concentrates in a band near the lower acid buffer. The other 
two hemoglobins concentrate above the A band in order of increasing iso- 
electric pH. (Isoelectric pH A<S<C). 

The lower limits of the original hemoglobin solution layers before current 
was applied were slightly below the position of the A bands in the photograph. 
The approximate centers of the original bands are represented by the position 
of the C bands in the photograph. 

Note that the individual components tend to concentrate at the same 
respective horizontal planes in each tube. This indicates that the slope 
of the pH gradient is practically identical in all tubes. It has been possible 
to obtain similar results in a large number of such simultaneous analyses 
with use of hemoglobin obtained from different individuals. 

DISCUSSION 

A. Application of the Method—As shown in Fig. 2, identical hemo- 
globins occupy the same horizontal plane from tube to tube. This fact may 
be utilized in identification of unknown components of hemoglobin solutions, 
provided that solutions of know composition are analyzed simultaneously. 
Alternatively, the unknown may be mixed with solutions of known composition 
and the mixtures analyzed. By this method, specimens known to contain 
approximately equal amounts of C-A, C-S, and A-S hemoglobins, respectively, 
are mixed with the diluted unknown in the proportion of 2 unknown:1 known. 
An unknown containing S hemoglobin would therefore result in a third band 
appearing in the C-A mixture, and so forth. We have not earried out a 
sufficient number of experiments in the separation of F (fetal ) and A hemo- 
globins to determine the reliability of the method in identifying F hemoglobin. 
Consequently, we have continued to rely upon the method of Singer and co- 
workers,® for detection of the presence of F hemoglobin in unknown specimens. 
We have not had an opportunity to study hemoglobins D’ or E®* as yet. 

With use of the apparatus described above, recovery of individual com- 
ponents is difficult, since the volume occupied by each band is exceedingly 
small. We have sueceeded in obtaining good separation of hemoglobins A, 
C, and S in a tube of 23 mm. inside diameter using a 2.5 ml. specimen. Follow- 
ing separation, the individual components were almost completely removed 
with relative ease by micropipette. 

B. Technical Considerations.—In the experiments reported by Kolin,’ 
the buffer density was considerably greater than in our experiments. We 
have found that the use of higher densities (above 50 per cent saturation 
with sucrose) results in less discrete hemoglobin bands and that when low 
density solutions are used it becomes difficult to prevent considerable mixing 
at the boundaries when the specimens are pipetted into the tubes. 

In general, less discrete bands are produced when low voltage is used 
and the time required for separation is longer. When high voltage is applied 
(400 volts or more), separation proceeds very rapidly and the bands are 
usually visible within 1 or 2 minutes. Frequently, however, the bands are 
irregular and soon become distorted, presumably due to thermal convection. 





aber oa SEPARATION AND IDENTIFICATION OF HUMAN HEMOGLOBINS - 815 
It is likely that this effect might be reduced by the circulation of cold buffer 
through the outer chamber. Also, such extremely rapid separation does not 
allow time for establishment ofa stable density gradient within the specimen 
unless a relatively long equilibration period precedes application of the current. 
With use of the time-voltage relation described above under ‘‘Technique of 
Operation,’’ reproducible separations are possible. 

Since the establishment of pH and buffer gradients begins when the hemo- 
globin solutions contact the buffer solutions, it is desirable that the time 
interval between the application of individual specimen layers be as short 
as possible in order that the gradients be, as nearly as possible, the same in 
each tube. We have attempted to analyze as many as 12 specimens simul- 
taneously, each contained in a separate tube. The time necessary to fill this 
number of tubes results in differences in the gradients from tube to tube and, 
therefore, a significant difference in the distance between the separated bands 
and in the horizontal levels of the bands separated from replicate specimens. 
For this reason the apparatus usually used provides for the simultaneous 
analysis of but four specimens. 

Consideration of at least two variables is important in the determination 
of optimum volume and concentration of the specimen: 


1. Difference in isoelectric pH of components of the specimen: If the pH 
of each of the buffers is kept constant, the ‘‘slope’’ of the pH gradient is 
determined largely by the distance between the acid and alkaline buffers, i.e., 


volume of the specimen. Since there is considerable difference between the 
isoelectric pH of A and C hemoglobins, adequate separation may be obtained 
with a small specimen volume, therefore a ‘‘steep’’ pH gradient. In order to 
separate hemoglobins with a relatively small difference in isoelectric points 
such as A and F, it becomes necessary to increase the specimen volume twofold 
or more, resulting in a more gradual pH gradient. We have been able to 
separate A and F hemoglobins by modifying the technique in this manner. 

2. Relative concentrations of components of the specimen: When the 
concentration of one or more components is less than 10 per cent of the 
total hemoglobin, it is. occasionally difficult to visualize the band, or bands, 
representing these minor fractions. In such equivocal instances, we have 
found it advantageous to increase the concentration of hemoglobin in the 
specimen to 0.1 or 0.15 Gm. per cent. Since the width of the band of the 
predominant component(s) will be correspondingly wider as a result of the 
increment in total hemoglobin in the specimen and therefore the degree of 
Separation necessary for discrete band formation correspondingly greater, it 
is advisable to inerease the volume of the specimen 114 or 2 times. As 
discissed above, this has the effect of producing a more gradual pH gradient 
and results in more widely separated bands. 

Within a few seconds after the current is applied, bands of hemoglobin 
are visible at the junctions of the hemoglobin layer with the acid buffer 
below and the alkaline buffer above. These band ‘‘artifacts’’ disappear within 
5 to 10 minutes. Their formation is probably due to the fact that the electro- 
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lyte concentration at the buffer-specimen ‘‘fronts’’ is greater than in the area 
near the center of the specimen layer. As a result, the mobility of the protein 
molecules near these fronts is retarded, since the buffer electrolyte :protein 
ampholyte ratio is relatively higher. 

The major limitations of this technique in its present stage of development 
are (1) limitation of the number of simultaneous analyses that can be carried 
out and (2) the fact that identification of unknown hemoglobins with certainty 
requires mixing the unknown with specimens of known composition. The 
latter disadvantage, however, is also inherent in other electrophoretic tech- 
niques. On the basis of preliminary experiments it appears possible that, 
following separation, the bands may be displaced by controlled buffer flow 
and collected as individual fractions. Spectrophotometric determination of 
hemoglobin concentration and determination of pH at the level of each band 
would then enable one to identify the components according to isoelectric pH 
and to determine per cent composition of the original specimen. 

We have found the ‘‘mobility spectrum’’ method of separating ampholytes 
described by Kolin® inferior to the ‘‘isoelectric spectrum’’ method described 
above in hemoglobin analysis. 

Note: In experiments conducted in coordination with Lieutenant Colonel 
J. H. Akeroyd, Walter Reed Army Institute of Research, hemoglobin J was 
separated from hemoglobins A, C, and S by isoelectric separation. The band 
formed by hemoglobin J occupied a position in the vertical tube below the 
band representing hemoglobin A. 






















SUMMARY 
1. The technique of separating ampholytes by ‘‘isoelectrie speectrum”’ 
formation® has been successfully applied to the separation of human hemo- 
globins, Types A, F, C, and S. 

2. An apparatus has been described which permits rapid analysis of multi- 
ple specimens of hemoglobin. 

3. Some of the potentialities of this method of electrophoresis have been 
presented. 
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ADJUSTABLE PACEMAKER FOR SQUARE-WAVE STIMULATOR 


MartTINn S. Tausic, B.S., M.E. 
CuicaGo, IL. 


NUMBER of methods have been used for periodic stimulation. Most of 

these are too expensive, too difficult to control, or both. Consequently a 
simple adjustable pacemaker for square-wave stimulation of heart or skeletal 
muscle was devised which is inexpensive and readily controlled. It was 
thoroughly tested in connection with other studies.’ 
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R1-R2 100,000 ohm + w. 
R3 5 meg. pot. 

R4 470 ohm 2 w. 

Tl Merit <A 2900 

Cl 2 mfd 200 V. 

C2,3 20/40 mfd.150 V. 
C4,5 2 mfd 200 V 
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Fig. 1.—Adjustable pacemaker for square-wave stimulator. 


The apparatus is a timing device used in conjunction with any suitable 
square-wave generator with an output of approximately 135 volts at 40 ma. 
(Fig. 1). It was designed to be simple, accurate, and dependable. The timing 
range ean be varied from 90 to 350 pulses per minute, and the duration of the 
pulses are adjustable by increasing or decreasing the pressure of the relay tension 
spring or by increasing or decreasing the distance of the contact points of the 
relay in relation to each other. 


_From the Cardiovascular Department, and the Facility for Developmental Engineerin 
Medical Research Institute, Michael Reese Hospital, Chicago, Ill. ws 


Aided by a grant from the American Heart Association. 
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The control mechanism for the square wave, shown on the left of Fig. 1, is 
incorporated into the cabinet of the adjustable pacemaker. No electrical 
connection exists between the two units other than the make-break contacts of 
the relay* to assure a perfectly square wave form as a stimulus. The output 
voltage of the square-wave generator} is scaled down to a maximum of 10 volts 
at 3.5 ma. by means of Resistor RY and is adjustable downward (Resistor RX ). 
The values for the limiting Resistor RY and the Potentiometer RX should be 
computed to give the above mentioned maximum voltages. 


SUMMARY 


The adjustable pacemaker described is a simple but extremely dependable 
timing device for continuous use in the laboratory. Its usefulness is not limited 
to square-wave pulses but can be utilized suecessfully for all kinds of stimulating 


and timing applications. 
I am grateful to Dr. L. N. Katz, Dr. D. Laurent, and Mr. F. Williams for their 
cooperation in developing this pacemaker. 
REFERENCE 
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*The relay used is a Potter and Bromfield SS5D, 10,000 ohms. 
+The square-wave generator used is a Model S 2 Heathkit. 





ASSAY OF TRITIUM ACTIVITY IN BODY FLUIDS WITH USE OF A 
LIQUID SCINTILLATION SYSTEM 


W. H. LANGHAM, Pu.D., W. J. Eversoue, Pu.D.,* F. N. Hayes, Po.D., AND 
T. T. TrusiLwo, B.S. 
Los ALAmos, N. M. 


ECAUSE of the advantages of tritium water (HTO) as a tracer for ordinary 

water in studies of water metabolism, fluid balance, and water transfer, 
tritium is assuming an increasingly important role as a radioactive tracer.' The 
assay of tritium in biologie materials is complicated, however, by its very low 
beta particle energy (EB = 5.69 kev). 

Pinson? in his early studies completely distilled the water from body fluids 
and, by means of a reduction furnace, produced hydrogen and tritium gas. 
These gases were pumped into an ionization chamber and the current measured 
with an electrometer. Other techniques have been developed that involve 
ionization chamber measurements and/or proportional and Geiger counting of 
a variety of gaseous samples, for example, acetylene, methane, propane, and 
water vapor.® 

Hayes and Gould,* and Farmer and Berstein® later described a liquid 
scintillation method that was satisfactory for the assay of tritium water and 
tritium-labeled sterols, but they presented no specific procedures for the assay 
of biologie fluids. The present study was undertaken to develop a shorter and 
more reliable method, based on the liquid scintillation principle, for the assay 
of tritium activity in various body fluids. Okita, Spratt, and LeRoy® developed 
a simplified method for the assay of HTO in human urine which is based on 
the same principle. Their method, however, differs in some respects from the 
procedure reported here and appears to have less precision. 


MATERIALS AND METHODS 


The apparatus for counting the tritium activity was a fast coincidence liquid 
scintillation counter, designed and constructed at this laboratory,’ as shown in Fig. 1.t 
The photomultiplier tubes were encased in a 2-inch lead shield (Fig. 2) and housed in a Deep- 
freeze unit at a temperature of 0 to 4° C. The counting efficiency varied from 6 to 9 per 
cent, depending on the quenching properties of the sample system used. Coincidence back- 
grounds were 70 to 100 ¢.p.m. 

The scintillation solution used in all assays was prepared as follows: 7 Gm. of 2,5- 
diphenyloxazole (PPO), 50 Gm, of naphthalene} (recrystallized from alcohol), and 50 mg. of 
1,4-di-[2-(5-phenyloxazolyl) |-benzene (POPOP) made up to 1 liter with p-dioxane.§ 


From the Los Alamos Scientific Laboratory, University of California, Los Alamos, N. M. 
This work was done under the auspices of the AEC. 

Received for publication Oct. 24, 1955. 

*Department of Biology, University of New Mexico. 

jAnalogs of this counting system are now available commercially. 

tEastman Kodak Company. 

§1,4-dioxane (A. R. Grade, Stock No. 2347) Matheson, Coleman and Bell, Norwood, Ohio, 
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Human Blood Serwm.—One milliliter of fresh serum, which contained a known amount 
of tritium as HTO, was thoroughly mixed with 2 ml. of a 10 per cent aqueous solution of 
trichloroacetic acid. After precipitation of the serum protein, the sample was centrifuged. 
The colorless supernatant was decanted and 1 ml. was pipetted into a special bottle* for 
counting, which contained 24 ml. of scintillation solution. Samples were allowed to stand 


for one hour at 2 to 3° C. before counting. Dark adaptation was unnecessary. 


Fig. 1.—The Los Alamos fast coincidence liquid scintillation counter. 


A standard containing a known amount of tritium activity and a background blank were 
prepared from a 1-ml. aliquot of a solution containing one part water to two parts 10 per cent 
trichloroacetic acid which was added to 24 ml. of scintillation solution in the same manner 
used for the preparation of samples. The standard was made with HTO and the _ back- 
ground blank with distilled water. 


*Kimble Opticlear 10-dram vial with polyethylene stopper. 
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Rat Blood Serwm.—One milliliter of rat serum containing HTO was added to 15 ml. 
of scintillation solution, mixed for one minute, and centrifuged. The colorless supernatant 
was decanted into a counting bottle; the precipitate was broken up in the centrifuge cone 
and washed with an additional 9 ml. of scintillation solution and centrifuged again. The 
second supernatant was added to the first and the combined sample was allowed to cool for one 
hour before counting. 


. 
; 

; 

{ 

: 

4 


se 


Fig. 2.—Counting chamber of the fast coincidence liquid scintillation counter, showing lead 
shield, sample holder, and preamplifiers. 


The standard and background blank were prepared by the adding of 1 ml. of HTO 
(or distilled water) to 24 ml. of scintillation solution. 
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Rat serum may be assayed for tritium activity in a manner identical to that used for 
human serum. Addition of trichloroacetic acid is essential for complete recovery in human 
serum but not for rat serum (see Results and Discussion). 

Human and Rat Urine.—Tritiated urine was decolorized with activated charcoai.* The 
chareoal (0.5 Gm.) was placed in a 2-ml. fine-pore, fritted-glass Buchner funnel, and 2 ml. 
of urine was drawn through the charcoal bed very rapidly by suction. One milliliter of 
decolorized urine was transferred to a 40-ml. centrifuge tube and 24 ml. of scintillation solu 
tion was added. The resulting turbid solution was centrifuged at 2,500 r.p.m. for 10 minutes 
and the clear supernatant was transferred to a counting bottle. The sample was cooled for 
approximately one hour at 2 to 3° C. before counting. 

The standard and the background blank were prepared by the addition of, respectively, 
1 ml. of chareoal-processed urine and 1 ml. of distilled water to 24 ml. of scintillation 


solution. 
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Fig. 3.—Tritium activity in the water of human urine (solid line) and blood serum (inter- 
rupted line) as a function of time after the ingestion of HTO. 





Application of Methods to the Study of Water Absorption and Distribution in a 
Human Subject.—In order to test the applicability of the methods, an experiment was 
designed to determine the rate of absorption and distribution of ingested HTO by a normal 
human subject. A fasted normal man (weight 126 pounds) ingested 3 me. of HTO in 800 ml. 
of water, after which venous blood samples were drawn and urine samples collected every 5 
to 10 minutes for approximately two hours. The samples were assayed for tritium by the 
liquid scintillation method and the results are given in Fig. 3. 


RESULTS AND DISCUSSION 


As seen in Table I, the methods employed for determining tritium in 
blood sera of either humans or rats were accurate and reliable. Recovery from 


*Fisher, 80 mesh, 
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samples tritiated with 7,130 to 770,300 d./m./ml. was slightly over 99 per cent, 
with an error of less than 2 per cent. 


TABLE I. ASSAY OF TRITIUM ACTIVITY IN BLOOD SERUM 








D./M./ML. RECOVERY 
D./M./ML. OBSERVED % 
NO. OF SAMPLES EXPECTED ( MEAN) (MEAN ) 





Human 
770,300 768,400 99.7 
113,200 112,000 98.9 
37.740 38,090 100.9 
Mean + S.D. = 99.8 + a 
Rat 
770,300 756,200 
192,600 193,300 
21,400 21,040 
7,130 7,120 
Mean + 8S.D. — 99.1 + 


*Tritium activity assayed by means of the method used for human serum. 
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The data in Table II show the results of the assays of human and rat 
urine samples for known amounts of tritium activity. Recovery from samples 
tritiated with 5,660 to 566,100 d./m./ml. was over 96 per cent, with an error 
of approximately 3 per cent. 


TABLE II. ASSAY OF TRITIUM ACTIVITY IN URINE 








| D./M./ML. RECOVERY 
| D./M./ML. OBSERVED % 
NO. OF SAMPLES — | EXPECTED | (MEAN ) (MEAN ) 





Human 
566,100 537,700 95.0 
50,320 48,440 96.3 
22,640 22,170 98.1 
5,660 5,440 
Mean + S.D. = 96.9 + 
Rat 
226,400 223,100 98.5 
22,640 21,790 96.2 





The data in Fig. 3 show the tritium activity in the water of blood serum and 
urine from a normal male following ingestion of HTO. The values for urine 
samples were plotted on the abscissa at the midpoint of the collection period, 
rather than at the end. In the ealeulation of the tritium activity in terms 
of microcuries per milliliter of serum and urine water, it was assumed that 
serum is 92 per cent and urine 98 per cent water. Since recovery of tritium in 
Serum was 3 per cent greater than in urine, a corresponding correction was made 
in the urine values before they were plotted. 

These data show that the method for both urine and blood serum gave 
water absorption and distribution patterns quite in keeping with the expected 
normal for water metabolism in man. Both urine and serum reached their 
peaks in tritium activity within 20 minutes after the ingestion of HTO and it 
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would appear that HTO was in equilibrium with all body fluids within 90 
minutes. On this basis, it was estimated that the total body water in this in- 
dividual was approximately 58 per cent of the body weight. 

The methods reported here for the assay of tritium in body fluids appear 
to be simple and reliable. The mean recovery values obtained for tritiated 
blood serum and urine were at least 97 per cent of the expected values and the 
error was relatively small (<3 per cent). 

Success was encountered in the search for a scintillation solution that 
would: (1) when mixed with HTO produce a high photon yield, and (2) be 
completely miscible with water. 

Furst, Kallmann, and Brown® found recently that the addition of 
naphthalene to a solution of PPO in a mixture of dioxane and water increased 
the fluorescence intensity of such a solution. A similar system for the assay 
of tritium activity in body fluids was tried. Not only was their solute combina- 
tion a satisfactory one for determination of HTO in aqueous media, but it could 
be improved by the addition of still another secondary solute, namely, POPOP, 
thus inereasing the efficiency of counting HTO in a small volume (24 ml. of 
scintillator solution in the presence of 1 ml. of water) 


The yellow pigments in human serum (but not present in rat serum) 
produce low results and must be removed. Charcoal filtration did not remove 
these pigments but trichloroacetic acid decolorized human serum simultaneously 


with the precipitation of the serum proteins. Two milliliters of 10 per cent 
trichloroacetic acid mixed with 1 ml. of tritiated serum, when centrifuged, gave 
2.5 ml. of a colorless supernatant. One milliliter of the supernatant, represent- 
ing one-third milliliter of serum, was counted and values expressed in terms 
of activity in 1 ml. of serum. Rat serum did not have to be processed with 
trichloroacetic acid for full recovery, because addition of rat serum to the 
scintillation solution and subsequent centrifugation resulted in the formation 
of a clear supernatant fluid that could be decanted from the settled protein 
precipitate. However, rat serum can be processed in the same manner as 
human serum. It is important that serum samples be colorless and protein-free. 

A number of precautionary steps in the procedure are worth consideration. 
Since addition of trichloroacetic acid to serum had a quenching effect, propor- 
tional to the amount of acid used, standard and blank samples must be prepared 
with use of the same amount of acid and the same conditions used in the prepara- 
tion of the samples. Slight turbidity of samples resulted in falsely high and 
variable recoveries; therefore, care must be taken not to transfer precipitated 
protein to the counting bottle. Cooling of samples below the freezing point 
of water should be avoided, since such temperature may cause samples to be- 
come turbid. Counting bottles should be of optically clear glass to avoid the 
possibility of low results from loss of light. Only nonabsorbing stoppers should 
be used to avoid possible sample contamination. 

These methods for the determination of tritium in serum and urine can 
probably be adapted to the analyses of other body fluids. 
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SUMMARY 


Simple and rapid methods have been developed for the determination of 
tritium water (HTO) in mammalian serum and urine. Mean recovery values 
obtained for tritiated blood serum and urine were at least 97 per cent of the 
expected values and the error was relatively small (<3 per cent). 

In order to obtain consistent and reliable values for tritium activity, we 
were necessitated to remove proteins and pigments from all samples. In human 
serum this was accomplished by the use of trichloroacetic acid. Rat serum did 
not contain enough pigments to make decolorization necessary. Urine was 
decolorized by filtration through activated charcoal, and cleared urine was 
added directly to the scintillation solution. After centrifugation and decanting, 
the clear supernatant solutions were placed in optically clear glass counting 
bottles, chilled for one hour at 2 to 3° C.,. and counted. 

These procedures were shown to be applicable to the study of water absorp- 
tion and distribution studies in a normal human using HTO. 
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A MACROSCOPIC METHOD FOR ROUTINE CROSSMATCHING WITH 
USE OF POLYVINYLPYRROLIDONE (PVP) 
Rosert C. StTrRoJE,* GENE D. Pimarski,** WiLtLiAM M. Cooper, M.D.,*** anp 


Rosert 8. Torren, M.D.**** 
PITTSBURGH, Pa. 







OT long after Wiener’s demonstration’! of the Rh blocking antibody, 
Diamond and his co-workers*> pointed out the efficacy of bovine albumin 
as a macromolecular substance for its detection. A natural outgrowth of the 
albumin technique for detection of Rh antibody has been the so-called high 
protein crossmatch, which has found wide usage. The theoretical advantage 
of the high protein crossmatch is its capacity to detect both Rh and ABO in- 
compatibilities in one step. There is, however, increasing evidence that it is 
not always reliable and that rare incompatibilities in both the Rh and ABO 
systems are not detected.” * The albumin method is not always sensitive enough 
to detect the Rh antibodies of low titer’; the indirect Coombs? and trypsin- 
treated cell techniques are more sensitive for Rh antibodies of the blocking 
type.” 7 Apparently the ABO incompatibilities are missed for the same reason, 
namely, that certain bloods possess too low an agglutinin titer to react in 
albumin. Jennings’ has shown that anti-A and anti-B agglutinin titers are 
consistently lower in albumin than in saline and are also lowered by incubation. 
He regarded a combination of the saline and Coombs methods as preferable for 
routine crossmatching. 













In 1952 MeNeil and his associates® 1° published a technique using 10 per 
cent polyvinylpyrrolidone (PVP) as a macromolecular substance for Rh anti- 
body detection which they felt to be superior to the albumin technique. We 
have confirmed these results using their method. We felt that PVP might 
be useful as a macromolecular substance in crossmatching if its sensitivity for 
anti-A and anti-B agglutinins was sufficiently high. It was found, however, 
that MeNeil’s PVP solution was not suitable for this purpose, since a precipitate 
developed in all tubes. The results of our search for a suitable diluent are 
summarized in Table I. Although much of the literature on PVP® 2" 1° indi- 
eates that it is chemically inert, the pH in various diluents varies widely 
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TABLE I. Errect OF VARIOUS DILUENTS FoR PVP IN RH TYPING AND CROSSMATCHING 








DILUENT Rh TYPINGt | CROSSMATCHING 
MeNeil’s 38-7. Satisfactory Precipitate in all 
Ringer’s solution 5.4-5. Satisfactory, but cells + Agglutination in all 
discolored brown tubes 
0.85 NaCl D.2-0. Satisfactory Satisfactory only when 
read immediately 
Precipitate formed after 
incubation 
Distilled water 6-5. 4 + Agglutination 4 + Ageglutination 
A. C. D: 8-5. Satisfactory, but only Satisfactory, but only 
when solution was when solution was 
freshly prepared freshly prepared 
6.8-7.0 Satisfactory Satisfactory 








Evans’ 





*pH of solution after addition of PVP. 

jRatio, of Rh typing serum (blocking antibody) to normal saline to PVP (10 per cent in 
Evans’ Buffer) was 1 to 2 to 3 in all instances. 
(Table I). Weese!® commented that although the structural formula of PVP 
suggests that it should be neutral, its pH in water is 4.0 and it has no buffering 
action. He attributed this to the fact that ‘‘. . . the macromolecule contains 
an acid radical, probably in the end groups.’’ These data show that there are 
various factors, probably concerned with pH and phosphate concentration, that 
affect the behavior of these antigen-antibody systems when suspended in PVP. 
A diluting agent, Evans’ buffer,’ was finally found to be suitable for both Rh 
typing and crossmateching. 

The ideal macromolecular substance for routine usage should have the 
following properties: 


1. It should be capable of detecting both Rh and ABO antibodies in titers 
suitable for clinical use. 

2. It should give consistent and clear-cut results. 

3. It should be simple to prepare and use. 

4. It should be economieal. 

The following data indicate that PVP (10 per cent in Evans’ buffer) 
fulfills these criteria. 


MATERIALS AND METHODS 


. PVP solution in Evans’ buffer. 
a, Preparation of Evans’ buffer solution: 
Solution A 
Sodium phosphate, monobasic (NaH,PO,H,O) 13.80 Gm. 
Potassium phosphate, monobasic (KH,PO,) 3.86 Gm. 
Sodium chloride (NaCl) 50.00 Gm, 
Distilled water 970.00 ml, 


Solution B 
Four per cent phenol in distilled water. 
Solution C 
Equal parts of Solutions A and B. 
Solution D 
One part of Solution C. 
Four parts of distilled water. 
Adjust to pH range 6.8 to 7.0 with 10 per cent NaOH. 
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b. Preparation of PVP working solution: 
Polyvinylpyrrolidone (PVP)* (K-30)t 10.0 Gm. 
Solution D (above): add to make 100.00 ml. 
Filter this solution with suction using 3 layers of filter paper (Whatman No. 10). 
Autoclave for 30 minutes at 20 pounds pressure. 
Store at room temperature. Solution stable for at least three months. 

2. Rh typing with 10 per cent PVP in Evans’ buffer. 

a. Preparation: 










Anti-Rh (anti-D) serum for slide tests} 1.0 ml. 
Sterile normal saline (0.85 per cent) 2.0 ml. 

10 per cent PVP in Evans’ buffer 3.0 ml. 

Mix in order listed. 















This solution should be stored at 4 to 7° C. and is stable for at least 5 weeks. 
It should be brought to room temperature before using or agglutination may occur. 
b. Typing: 
To a 10 by 75 mm. test tube add: 
1. Four drops (0.2 ml.) of the aforementioned mixture (brought to room 
temperature ). 
2. A wooden applicator stick containing the cells to be tested (the final con- 
centration to be approximately 4 to 5 per cent). 
Mix tube by shaking and centrifuge for two minutes at 1,000 r.p.m. in a 
standard head centrifuge. Incubation is not necessary. Read macroscopically 
by gently tapping the bottom of the tube to dislodge the cell mass. 
Rh-positive cells will show 3- to 4-plus clumping while 
Rh-negative cells will be evenly distributed. 
3. ‘‘High protein crossmatch’’ using PVP 10 per cent in Evans’ buffer—Major cross- 
match. 

















a. Place 2 drops of the patient’s serum in a 10 by 75 mm. test tube. 





b. Immerse a wooden applicator with donor’s cells adherent (preferably from a 
clotted specimen of blood) into the serum. 

ce. Add 2 drops of 10 per cent PVP in Evans’ buffer (brought to room temperature 
before using). 







d. Allow to stand 5 minutes at room temperature and centrifuge for 2 minutes at 
1,000 r.p.m. in a standard head of the centrifuge. 

e. Read macroscopically by gently tapping the bottom of the tube to dislodge the 
cell mass. 








f. Incubation has not been necessary to detect incompatibilities of either the Rh or 
ABO system. 







RESULTS 










Rh Typing and Antibody Titration—To date we have used the afore- 
mentioned technique for 11,036 Rh typings in parallel with the albumin-tube 
method of Diamond.° No discrepancies were found, but agglutination in PVP 
was consistently more clear-cut. In addition there was a saving of typing 
serum of approximately 33 per cent when PVP was used in this manner, The 
results of Rh antibody titrations are summarized in Table II. In every instance 












*PVP of two different lot numbers has been used ang the results were similar. 
+K-30 represents the degree of polymerization. The preparation in this form has a 
molecular weight of about 40,000. PVP with a K value of 15 was found to be unsatisfactory 
in this technique. 

tThe anti-CD, anti-DE, or anti-CDE serum may also be used. 
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TABLE II. RH ANTIBODY TITRATIONS USING VARIOUS METHODS 








METHOD USED FOR TITRATIONS 
SOURCE OF Rh ALB PVP COOMBS TRYPSIN 
ANTIBODIES (TITER ) (TITER) (TITER) (TITER) 
Commercial serum 
af 328 72,048 
2 : 1:128 











2128 


1 
72,048 1:512 





Sensitized patients 

216 :16 
216 232 
232 232 
332 232 
78 :16 
2128 :128 


DO to DOR 








but one (Case 6 in which the titers were equal) the titers were at least one 
tube above those found with albumin. The titers were found to compare 
favorably with those obtained with use of Coombs serum or trypsin-treated 
cells. Individual pipettes were used in all titrations. 


Crossmatching.—Table III summarizes the results of crossmatching serums 
from Rh-sensitized mothers who had borne erythroblastic children with cells 
of the various groups and types. In many instances the readings were higher 
in PVP than in albumin. In Cases 7, 8, and 9, ABO incompatibilities were 
not detected in albumin but were demonstrated in the tubes containing PVP. 
The reactions were weak but definite. It is noteworthy that these serums had 
low agglutinin titers (1:32, 1:32, and 1:16). In the two cases where saline 
crossmateching was also done, the results in PVP were comparable. 


Table IV summarizes the results of anti-A and anti-B agglutinin titers 
performed in saline, albumin, and PVP. In every instance the titers in PVP 
were equal to or higher than those in saline and more often higher than those 
in albumin. To date we have performed the PVP crossmatch routinely in 
parallel with the albumin method in 4,093 instances. No discrepancies were 
noted (except those mentioned in Table III), but the readings in PVP were 
consistently more clear-cut. 


SUMMARY 


This work supports that of McNeil and his associates, who found that the 
use of polyvinylpyrrolidone (PVP) was superior to albumin in the detection 
of Rh antibodies. The trypsin-treated cell method remains probably the most 
sensitive one for Rh antibody titration, but this PVP method appears to be 
better than the albumin method for routine Rh typing and provides a saving 
of Rh typing serum. 

This preliminary work with crossmatching suggests that the use of PVP 
gives a more sensitive and reliable test that does albumin. Further investigation 
is needed, but we have shown that crossmatching with PVP can detect ABO 
incompatibilities missed by the albumin technique. We do not feel that the 
PVP erossmatch should supplant the Coombs method but that the latter should 
be reserved for cases of known sensitization. 
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TaBLE [V. ANntTI-A. AND ANTI-B AGGLUTININ TITERS OF COMMERCIAL TYPING SERUMS USING 
VARIOUS DILUENTS 








ANTI-A | Th ANTI-B 
| AGGLUTININ TITER 


SERUM| ALB | PVP |SERUM = ns | AB | 


AGGLUTININ TITE R 








71,024 


:2,048 1 :2,048 2,048 
:2,048 


1 ] 

1 1:2,048 2 2512 1:256 
1:512 1:512 6 22,048 1,024 
1:1,024 1:2,048 8 7512 7256 
1:256 1:1,024 1:256 
1:512 1:2,048 1] 64 
1:256 1:1,024 

1:512 1:2,048 





NS: Normal saline solution (0.85 per cent). 
ALB: 30 per cent bovine abumin. 
PVP: 10 per cent PVP (K-30) in Evans’ buffer. 


The polyvinylpyrrolidone (PVP) used in this study was kindly supplied by Dr. B. Marr 
Lanman, Assistant Medical Director, Schenley Laboratories, New York, New York. 
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FLUORIMETRIC DETERMINATION OF EPINEPHRINE AND 
NOREPINEPHRINE IN PLASMA 


J. A. RicHarpson, PxH.D., A. K. RicHarpson, B.S., anp O. J. Bropir, B.S. 
CHARLESTON, S. C. 


N 1952 Weil-Malherbe and Bone! reported a method for determining total 
‘“‘epinephrine-like’’ substances in plasma, based on a combination of the 
methods of Lund? and Natelson.* In 1953 they* modified their method to 
separate epinephrine and norepinephrine, using differential secondary filters. 
This separation was based on the differences in the fluorescence spectra of the 
condensation products of the two amines with ethylenediamine. By the measure- 
ment of the fluorescence separately with each secondary filter and by the solving 
of the two simultaneous equations, the amount of each amine present in the 
mixture was determined. 
We have modified the method of Weil-Malherbe and Bone in three ways 
by: (1) adapting the Beckman model DU spectrophotometer for use as a 
fluorimeter, (2) using domestic chemicals to replace imported products, and (3) 
altering a part of the technical procedure. 


MATERIALS AND METHODS 


A Beckman Model DU spectrophotometer was fitted with a fluorescence accessory and 
a photomultiplier attachment. A 100-watt mercury lamp (GE AH4 100), in conjunction 
with a GE transformer No. 89G-182, was the light source. This was supplied from the 
house current through a constant voltage regulator (Sorensen A.C. voltage regulator model 
500 SF). The tungsten lamp housing was replaced by a four-foot copper chimney to 
dissipate the heat and to protect from the ultraviolet rays. 

A primary filter consisting of Corning glasses No. 3389 and No. 5113, forming color 
specification 5-74, was used to isolate the 436 my line. The yellow secondary filter was 
Corning No. 3484, color specification 3-68, which is a sharp cutoff filter with maximum 
transmission at 570 my upward. The blue-green secondary filter was composed of Corning 
glasses No. 4784, No. 5030, and No. 3384, color specification 4-125, which passes a narrow 
band peaking at 510 mu. 

The fluorescence ratios for the epinephrine-norepinephrine condensation products with 
solutions of equal strength were 3.39 for the yellow filter and 1.24 for the blue-green filter. 
Dilutions for standards were made from stock solutions containing 1 mg. per milliliter of 
epinephrine or norepinephrine and 1 mg. per milliliter sodium bisulfite added as a preservative. 
These stock solutions were stable for several weeks when refrigerated and were kept under 
an atmosphere of nitrogen. As an alternative to the use of standard solutions, the instrument 
may be standardized by means of a piece of fluorescent glass (Corning No. 3750), as used by 
Manger.5 

The sources and grades of chemicals used were as follows: Zeo Rex (Zeo Karb 215) 
(The Permutit Co.) ; ethylenediamine, ethylenediamine dihydrochloride, and isobutanol: East 
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umber 
man grade (Distillation Products Industries) ; sodium chloride, sodium acetate, sodium car- 
bonate, sodium fluoride, sodium thiosulfate: Baker analyzed grade (Baker Chemical Co.) ; 
acetic acid: glacial ACS grade (E. I. du Pont de Nemours & Co.) ; activated alumina, grade 
F-20, Aluminum Company of America; 1-epinephrine bitartrate and 1-norepinephrine bitar- 
trate,* Sterling Winthrop Research Institute. 

Glass distilled water was used in preparing all reagent solutions and in the final rinsing 
of all glassware. 

Although the essential elements of the procedure of Weil-Malherbe and Bone were used, 
the following changes proved to be advantageous: 


1. The syringe containing the blood-anticoagulant mixture (15 ml. blood and 5 ml. 
anticoagulant) was emptied into a 50 ml. graduated centrifuge tube, with the avoidance 
of subsequent unnecessary transfers. 

2. In the chromatographic adsorption, the alumina was added to the thistle funnel as a 
slurry in 5 ml. of sodium acetate. This eliminated air bubbles, which decrease flow rate. 
Also, 10 ml. of water, instead of 5 ml., was used to wash the column after the sample had run 
through, so as to wash out any substances inhibiting fluorescence. 

3. Since suction often causes clogging of the alumina column, the constriction in the 
thistle tube stem and the glass wool plug were prepared so as to give the desired filtration 
rate by gravity flow. 

4, A reagent blank was run through the entire procedure as well as a blank through the 
condensation and extraction, and results were corrected for any difference. 


RESULTS 


When known amounts of epinephrine and norepinephrine were added to dog 
plasma in varying amounts and ratios, the mean recovery of epinephrine was 
93.4 per cent + 11.5, and the mean recovery of norepinephrine was 90.3 per cent 
+ 9.9 (Table I). 


TABLE I. RECOVERY OF KNOWN AMOUNTS OF EPINEPHRINE AND NOREPINEPHRINE FROM 
Dog PLASMA* 








MICROGRAMS ADDED MICROGRAMS RECOVERED 
EPINEPHRINE | NOREPINEPHRINE EPINEPHRINE NOREPINEPHRINE 


0.02 0.02 0.018 0.020 
0.02 0.02 0.017 0.018 
0.05 0.05 0.041 0.042 
0.05 0.05 0.039 0.042 
0.05 0.05 0.045 0.039 
0.05 0.10 0.044 0.079 
0.05 0.10 0.058 0.090 
0.05 0.15 0.043 0.140 
0.05 0.20 0.055 0.193 
0.05 0.100 0.039 
0.10 0.080 0.101 
0.10 0.078 0.095 
0.10 0.078 0.084 
0.10 0.093 0.088 
0.20 0.088 0.197 
0.40 0.110 0.340 
0.05 0.127 0.059 
0.05 0.200 0.039 
0.10 0.210 0.101 
0.20 0.170 0.198 
0.30 0.200 0.232 
0.50 0.212 0.490 
0.20 0.330 0.165 


Recoveries: epinephrine 93.4 per cent + 11.5; norepinephrine 90.3 per cent + 9.9. 
____*Hach sample: 8 ml. plasma, 4 ml. sodium fluoride-sodium thiosulfate solution. 














*Supplied through the courtesy of Mr. B. F. Tullar, Sterling Winthrop Research Institute, 
Rensselaer, N. Y¥. 
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In forty determinations on arterial blood samples of conscious dogs sub- 
jected to thoracic surgery several days previously, the plasma level of epinephrine 
was 0.65 meg. + 0.43 per liter of plasma and of norepinephrine was 1.30 meg. + 
0.76 per liter of plasma. In twenty-three determinations on arterial blood 
samples of open-chest dogs under pentobarbital anesthesia, the plasma level of 
epinephrine was 0.94 meg. + 0.51 per liter of plasma and of norepinephrine was 
1.52 meg. + 0.89 per liter of plasma. With this method, plasma levels as low as 
0.25 meg. of epinephrine and 0.5 meg. of norepinephrine per liter of plasma may 
be determined with accuracy. 

Following the intra-aortic injection of potent adrenal stimulants, such as 
nicotine or potassium chloride, plasma concentrations of total catechol amines 
as high as 150 meg. per liter of plasma have been obtained. These chemically 
determined values were in good general agreement with the observed increments 
in arterial pressure and heart force recorded at the same time.® * 


SUMMARY 


A fluorimetric method for the determination of minute quantities of 
epinephrine and of norepinephrine in plasma has been described. 

Recoveries of 93.4 per cent + 11.5 on epinephrine and 90.3 per cent.+ 9.9 
on norepinephrine were obtained when known amounts were added to plasma. 

With use of a 15 ml. blood sample, plasma levels as low as 0.25 meg. of 
epinephrine and 0.5 meg. of norepinephrine per liter of plasma may be deter- 
mined with accuracy. 
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